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SIR | 
OUR MajESTv's approbation of my 
former endeavours for improvement 
in the art which I profeſs, induced me to 
compoſe theſe Eflays ; and as Your bounty 
has afforded me the leiſure to purſue my 
reſearches, nothing could give me greater 


happineſs, than the be of thus 
laying them at Your MajesTY's feet. 
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H E very favourable opinion which the Author of the 
following Eſſays entertains, and (notwithſtanding all 
malicious reports to the contrary) always has entertained, of 
the great natural abilities of Mr. Joun HARRILsON, induced 
him to delay this publication, till Mr. HARRISON had received 
the reward of his long and unwearied application, by diſcovering 
N the reſult of his labours. That diſcovery being now made, the 
6 public from thence will judge of the merits of his improvements ; 
and poſſibly from a compariſon between them and the following 
Theory, the Reader may be enabled to decide, how far the ca- 
lumny, ſo groundleſfily conceived. and- fo artfully propagated 
againſt me, was well founded. Should any further vindication 
be neceſſary, I am ready, if called on by my accuſers, publicly 
to declare the reaſons for ſuch part of my former conduct, 
as has ſo much diſpleaſed them, and obviate any objections to 
the following performance, if fairly and candidly urged : but no 
regard will be paid to any anonymous opponent, in a contro- 
verſy that has truth alone for its object. 
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TOWARDS THE 
Improvement of CLoCK-woRK. 
EN ER AE TT AN 


* 


* 


1 *. 7 T is univerſally allowed, that the moſt 

iy | 1 ordinary Clock with a royal Pendu- 

lum, meaſures Time better than any Watch, 

conſtrued in the manner hitherto practiſed. And, 

* 2. That Watches are, in general, as well ex- 
on as Chcks. From which it is evident, 

. That Clocks derive their ſuperiority from 

giants; and that à due attention to their na- 


; rural properties, may at leaſt, be the means of 
improving Watch-work. Rs 
Bt: r B 4. The 
: 5 


25 ew. 
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Clocks. 
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Clocks go better 
than Watches. | 


Watches as well 
executed as 


Clocks derive their 
ſu peniority from 
principle. 


A 
o 
— 
* 
4 Ys 
2 wY 
3 
* tw 
> * 
& a+ * Tag 1 wry —__— 
* 
428 


two general Heads, 
Firſt, 
FF Second. 
IE 


CLASSES. 


_ 2 In ordinary Clocks 
1 particular regard 
to expence and 

ſimplicity. 


In the more accu- 
rate, no expence 


_— ſhould be ſpared. 


* * San a . "6A. 

{4 _ 3 | Fi 8 2. i 
© 4 irſt enquiry. ' 

Second. 


Pendulum only 
has a natural ten- 


_— dency to meaſure 
3 9 2 the Time. 


Its natural Proper- 
ties in a detached 
ſtate. 


Clock-work into 


IMPROVEMENT OF 


= The Theory of Clock-work naturally di- 
vides itſelf into the to following general 
Heads, viz. 

5. What pendulous V. ibrations have their 72 
bros n leaſt influenced by equal cauſes ? And, 

6. What 22 of a Clock will leaſt alter 
the Tſochroniſm of the ſame Pendulum ? 

7. All Clocks may be reduced to two Claſſes ; 


namely, oxpiNary and ACCURATE. 


8. In oxpinasry Clocks, ſuch as are entrally 


uſed for domeſtic purpoſes, particular regard 


i ſhould be had to their ſimplicity. and expence. 


In Clocks that are intended for aſtrono- 


h and other very accurate Obſervations, no 


expences fhould be fpared, while the perform- 


ance can be further 9 I ſhall therefore 


enquire, 


10. In the art place, How far the perform- 


ande of Clocks may be improved, without much in- 
Creafing their expence. _ 


1. And in the ſecond, hat is the utmoſt 


degree. of beau, of which they from ſu 
_ Coptible. 


12. Since a Pendulum 3 is * only part 86 a 4 
Clock that has a natural tendency to meaſure 


Ti ime, I ſhall here mention its known proper- 
ties in its ſimple fate, detached er Wen, 
by and deſcribing circular Are's. | 


_ 13. Furſt, I Pendulum once pus in motion, 
would ever continue to vibrate equal Arc's, if no 
external cauſe did tend to A its motion. And, 

2 | 14. 1 


ee, 


CLOCK-WORK. 


14. Second, All thoſe equal J. ibrations would Of pxNDULOUs . 
35 41 1  VisRATIONS. 
is in equal times. — P 


15. Third, The momentum of Pendulums is 
as 1 verſed fon of their angle of Vibration into 
their quantity of matter. 

16. Fourth, Pendulums of equal length, 
though unequal weight, will (ceteris paribus) 
3 their Vibrations in equal times. 


Fifth, All Pendulums alter their time of 


V Saks in different latitudes, And their © 
times of aſcent and deſcent are equally influenced. 


18. Sixth, 4 Pendulum cannot refs but when 
its centre of gravity is directly below its point of 


fu Ypenſs ion. 


. Seventh, The foorter "4 e in cir- 
mi tre's are performed in leſs time than be 
langer. 
20. T he 1 properties are chiefly 8 


demonſtrated by Mr. HuoNSs in his Hogoro- ie by Mr. 


Hugens 
ou OsCILLATORIUM, and tranſlated into Eng- y 


bſh in Kzirt's Introduction to Natural Philo- 
and a ſtrict attention to them ſeems 
= neceſſary to the improvement of 
Clock-work. 
21. If a pendulous body be made to vibrate Motion loft 
in a reſiſting nadie (as air) each Vibration 


I 


3% | - — — nnnnnnonmmmmmmmmmm—m——_— — 
3 Mr. . has demonſtrated, that 29 ſemicircular Vi- 
brations take as much time as 34 of the ſhorteſt Vibrations 


of the ſame Pendulum, independent of thT influence of the | 
Air, | ; 
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[5 Orr NUL 
VIBRATIONS. 


How they may be 
rendered iſochro- 


nal. 


Enquiry * 


IMPROVEMENT oT 
will, by means of ſuch reſiſtance, become 


IN ſhorter than the preceding one, till at laſt the 


Pendulum comes to reſt; hence (19) thoſe Vi- 
brations will not be performed i in equal times. 
22. But if the reſiſtances of the medium, 
&c. were uniformly the ſame, and a power could 
be applied that would communicate to the Pen- 
dulum at each Vibration as much motion as 
thoſe reſiſtances deſtroy; then would all the vi- 

brations be of equal length, and performed i; in 
"_— times. Ft 
But as neither the i that had 


to delay the motion, or the power that main-⸗ 


tains the Vibrations of Clock Pendulums, are 


IS Fare uniform; I proceed to enquire 


Whether long or 
ſhort ones are moſt 
influenced. 


4. Whether long or ſhort Vibrations have. 


ies Tſochroni N * n by 12 0 irre- 


n = 


Prince. Math. oa 
28, Coroll, 2. 


25. Sir Isaac Nene has ee bee 
That a Funipendulous Body © vibrating in a 


q : cefiting medium, would have its ſhort Vi- 


CE . 


« hrations more iſochronal than its longer; 


That is, in orber words; that the longer Vibra- 


tions being more reſiſted than the ſhorter ones, 


do ſooner alter their lengths, and conſequently 
| (19) their times of Mons, N 


26. Let a power be any how appel that 


will communicate as much motion to the Pen- 


dulum as the reſiſtances of the en &c. 
| do 
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ds deſttoy'; then will the Vibrations continue 
qu and iſochronal. | 

Thus, we are not to Ge the 1 re- 
F lates of | the air, friction, &c. ſince à power 
can be eaſily applied that will ballance them, ſo 


long as they continue valorem, And this power, 


from whatever conſe I call the MAINTAININO 
28. But we are to enquire, whnd * Hab any 


Ot renbvreut 


VIBRATIONS. 
— 48 


Total reſiſtance 


of the Air not to be 


regarded, 


o 


Chance, in the reſiſtance, or in the maintaining 


power, would have on Pendulums of equal 


en but deſcribing unequal Arc's. 


Loet any. power be applied 0 the pendu- 


kink body. B, capable of moving it from its place 


of reſt, to M or. G; join M G, and draw ON 
parallel to the line M G, and let M O, the 


perpendicular height to which it is raiſcd, be 
divided into any number of equal parts, 0 


five; through the extremity of each part, draw 


a ſtraight line parallel to M G, till they meet 


the Arc in the points L, K, I, H, and if the 


PLATE I. 
; FIG. I» 


Comparative ad- 


vantage of long 
and ſhort Arc's. 


power that raiſes the body B to M, be alſo di- 


vided into five equal parts, one of thoſe parts 
will raiſe B to H; two parts will raiſe it to I; 
three parts will move it to K; four parts 
to Ls 6. 

30. Here it is to be obſerved, that thou oh 
he power bc applied by equal portions, k 


Equal powers give 


unequal ſpaces, 
but agree in 


ſpaces deſcribed are unequal ; but agree in per- height, 


F er height with the power applied. 
; 31. Let 
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R IMPROVEMENT or 
Of yxwporovs? -/- 15 K Arc BG, be divided into five | 


-  VimrRATIONS: | 


A ———— cqual parts by the points C, D, E and F, 
—_ - * 8 is 54 Ek through which points draw ſtraight links paraliei 
= FI. 1. 

= ____ .,,2,4. tOMG, till they meet AB and GN ; then will 
=_ Confrution of the line G N repreſent the power neceſſary to 
3 eee raiſe the body B, to the point G; and its paris; 


* 
* 


_ | the powers neceſſary to raiſe it, to their corre- 


3 ſponding points in the Arc“. ny 
| f 5 OTE Tacreaſ in height 3 2. Now ſince the invreaſe: Of perpendicular 
as the power, and ,  . 
decreaſe as the re- h | is as the i mer eaſe of power applied (30), $ 
„„ Gllows that the decreaſe in perpendicular 
; beight, will be as the increaſe of reſiſtance ; or 
; © © as thediminution'of'power's Therefore, 
Ilutralon. 33. Let there be any number of Clocks, 
. „„ poſe frve, whole. Pendulums Are exattly equal, 
_ | 5 but whoſe angles of Vibration are to each other, 
=—_ e aããgs 1, 2, 3, 4 and 5; or let the bodies C, D, E, 
bo . e repreſent their relative Pendulums at 
1 the extremity of their Vibrations 
teten 34. If thoſe ſive Clocks be expoſed to the 
ſame degree of cold, their oil will be equally | 
influenced, and by chat means, ' their maintaining 
powers equally diminiſhed : And conſequently, 
there will Happen” an equal diminution in the 
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* It is evident, GN is divided i into a ſcale of verſed ſines; 

_ therefore if gravity alone oppoſed the aſcent of the Pendu- 
lum, the powers neceſlary to raiſe it to any of the poſitions, | 
{EGS C, D, E, F, G, would be as the relative verſed Sine of thoſe 
5 Arcs as Geld alſo the momentum of the Pendulum in deſ- 
| | cendin from any « of thoſe points, 1 F 

. perpen- 
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© LO C KWO R E. 


Pendulum (42): © 
Let thoſe Clocks continue expoſed: to the 

| cold, ill ſome one of them is deprived of all its 
motion; it is required, Which Pendulum will 
_ firſt come to reſt ? and in whas ox dog the others 
are influences 

36. Since all the pendulums are equal 13 | 
it is obvious that the one which deſcribed the 
ſhorteſt Are, will ſooneſt come to reſt (x5). 
37. But the Pendulum C has (36) loſt all its 


motion, and conſequently its perpendicular aſ- 


cent: Therefore, (32, 34z) deduce from the 


| Height of the ether Pendilums D, E, F and G, 


each, a ſpace equal to the geateſf height of 


C; as repreſented on the ſcale G N; through 


thoſe points, draw lines parallel to G M till they 


meet the Arc B G, on which, they will ſhow the 


diminution in che length of Vibration in each 


Pendulum; as repreſented in the figure, by 


dotted lines. Or 


38. Deduce the verſed fine of the an ole * 


ſcribed by the Pendulum C, from each of the 
verſed ſines of the angles deſcribed by the Pen- 


dulums D, E, F, and G, at beginning of all 


their Vibrations; and the remainders will be the 


verſed Sines of each reſpective Vibration, when 


the Pendulum C has loſt all its motion. 
From which it plainly appears, That i in 
Click Pendulums, equal cauſes do moſt alter the 


lengths of the ſhorteſt Vibrations. 40. It 


ndicular hei ight of che TIENTS of qch Of yENDULOUS | 


_ ViBRATIONS. 


1 Shorteſt Vibration 


7 


eee 


ſooneſt comes to 
reſt. 


F* 


Of pxxnvuLous 


VIBRATIONS. 
«Cz ES iS 


Comparative ad- 
vantages in dupli- 


cate proportion of 
the Arc's, 


PLA T E I. 
VFC 

Another illuſtra- 
tion. 


Conſtruction of 


IMPROVEMENT OF 

40. It is further to be obſerved, that although 
the ſame cauſes did ſhorten the Arcs of Vibra- 
tion of all thoſe Pendulums equally, the effect it 
would have on their times, would be, as the 
change produced in each n, to zhe 
Whole length of Vibration (14). 
41. But equal cauſes produce leſs alteration 
in the length of long Vibrations, than it does 


in ſhort ones (30). Therefore (40), the compa- 


rative advantages of different Vibrations in C lock 
Pendulums are (cet. par.) in the duplicate pro- 


portion of their relative length. Which may 


otherwiſe be illuſtrated ; thus, 


42. Let any body E, vibrate in the circular 
Arc ACE, I ſay that the advantages of its 


longer Vibrations are to that of its ſhorter ones, 
in the duplicate ores; of the length of 


thoſe Arc's. 

43: For, join A E, and ſrom C, the loweſt 
point of the Arc, d a line perpendicular to 
AE; which perpendicular divide into four 
equal parts, and through their extremities draw 
ſtraight lines parallel to A E, till they are ter- 


minated by the Arc; join E 2 and parallel to 


* 


Demonſtration. 


it, draw a line touching the Arc in D; then 
E D will be equal to D C, and conſequently 
E C will be double of DC. Now 

4.4. Let two equal bodies E and D deſcribe | 
the Arc's EC, and DC; it is evident (32), 
that four times as much reſiſtance will be re- 


- aired 


CLOCK-WoOR K. 
quired to bring E to reſt, as will deſtroy the 
motion of D; in the ſame manner is proved, 
that four times as much reſiſtance is neceſſary 
to deſtroy the motion from D to C, as from 
R 55 . 

45. What is above ſaid of whole Arc's, is 
equally true of their proportional parts; for, 
if the whole reſiſtance, neceſſary to deſtroy the 
motion of any body, deſcribing a circular Arc, 
be divided into ſixteen equal parts, it will re- 
quire twelve of thoſe parts to reduce the Vibra- 


tion to half the length; three more parts will 


reduce it to a fourth of the whole length; and 
if the remaining Sixteenth of the momentum be 


again divided as above, the ſame proportion will 


Hold, till the Arc entirely vaniſhes. ” 
46. Therefore (by the 1 2th Prop. Book Fifth 
Euc. ) the reſiſtance neceſſary to produce pro- 
portional effects in the Iſochroniſm of Vibrations 


of different lengths (41), will be to each other 
c p, as the reſiſtance that deſtroys their whole 
motion, i. e. (32) as their relative verſed ſines: 


And therefore, 1 Th 
47. In Clocks, the advantages of long Vibra- 
tions, are univerſally in the duplicate ratio of the 
 Arc's deſcribed, „ 
48. But leſt it ſhould be objected, that the 
power neceſſary to maintain Vibrations of dif- 
ferent lengths, will be in the duplicate ratio of 


their reſpective Arc's; and that the friction on 


O the 


Of PEN Durovs | 
VIBRATIONS. | 


— — 


Equally true of 
the proportional 
parts as the whole. 


The reſiſtances 
that produce pro- 
portional altera- 
tions, are as thoſe 
that deſtroy the 
whole motion. 


Coneluſion in fa- 
vour of long Vi- 
brations. 


'XO 
Of PENDULOUS 
VIBRATIONS. © 


—— 


Further conſidera- 
the ſame while the preſſure on the rubbing ſur- 
faces is uniform; and af any certain quantity of 


tion. 


of the Pendulum; for what could be more ab- 
ſurd than allowing for the influence of any 


What has been 
ſaid of reſiſtance 
is applicable to 


the maintainin 
power. 


. IMPROVEMENT OP 
the movement will increaſe as the power ; and 
conſequently, that the power neceſſary to main- 


tain the motion in Clocks, will bear a greater 
proportion to the momentum of the Pendulum, 


in long Vibrations than in ſhort ones; it is ne- 


ceſſary to obſerve ; that, 


49. Though the whole friction Ares as 
the weight, or power applied to a Clock, it does 
not foll low, that the changes, or 00 e 


variations in it obſerve the 255 law (27). 
50. The natural friction“ continues uniformly 


the maintaining power be conſtantly deſtroyed 
by friction, it can no way affect the Iſochroniſm 


power, "where it never reaches. 


51. Since any increaſe in the maintaining 


power, will have the ſame effect on the Pendu- 


lum as a diminution in the reſiſtance of the Air; 5 


and vice verſa (32); It follows that, 
What 2 been ſaid concerning the re- 
glance of the medium, &c. is equally applica- 


& ble to the rant of the maintaining power 
(32, 473 W 


e 


. 
ad« „ 
* 3 — ů —_— — — Eco - +33. wat” — — „ 
: . 


I do not 1 mean to aflert, that there are not exceptions 
to what is faid of the uniformity of natural friction; but as ſuch 


exceptions do not invalidate what is here ſaid, they are reſerved 
for another place. 


by - 


| 53.1 


* 


* 


C LOC K-W OR X. 


53. I formerly obſerved, (27, 28, ) that the Of ptmn prone 


changes only that happen in the reſiſtance of the 
medium, &c. to Clock Pendulums, are to be re- 
garded ; the ſame is true concerning the action 
of the Wheels on the Pendulum (50). 


As to the irregularity of action in 3 
3 their fluctuations are conſtant and 
riddical, and in the action of each Tooth, cor- 


rect themſelves ; fo that, if the effect Hows not 


II 
ViBRATIONS. 


Changes only i in 
the maintainin 
power to be re- 


gearded. 


Action of the 
Wheels. 


become perceptible during the action of any 


one Tooth of a Wheel, it will not, in any num- 
ber of revolutions; for the error does not ac- 
cumulate. 

35. The changes that happen in the main- 
taining power .from the different ſtates of flui- 


dity in the oil, are of a contrary nature; for & 


the times of their duration, and returns, and 
conſequently the errors ariſing therefrom, are 
uncertain, as depending upon external cauſes ; 


and they accumulate, as {hall be ſhewn here- 


after. 


As to the Time of going without winding. 


5 Ir is only to be a fo far as it tends 
to render the machine more or leſs complicated; 


for, in Chcks, we have power at command, and 
may have any degree of influence at pleaſure on 


2 x the 


Fluidity of the oil, 
* 


Does not matter 
ſo much in Clocks 
as in Watches. 
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Friction greateſt 
in thoſe Clocks 


that go longeſt. 
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IMPROVEMENT oF 


5. the pallets, without regard to the continuation of 


the Clock's going: Thus, ö | 
57. In theory, if a weight of two > pounds 


be neceflary to maintain a Vibration of any 


given length, ſuppoſe one degree, for eight days; 


a weight of eight pounds will maintain the ſame 


for thirty-two days (one month); and a weight 
of one hundred and four pounds will maintain 
it for a year; ſuppoſing the perpendicular de- 

ſcent of the weight the ſame in each caſ. 

58. Now let us enquire which of thoſe three 
caſes is moſt advantageous for practice. 

59. By ſuppoſition (57) the influence, or 
action of the Wheels on the pallets, is equal in 
each caſe; the Vibrations are equal (57) allo ; 
therefore the friction on the pallets, as alſo on 
all the correſpondent parts of each Clock, will 
be equal ; but the month Clock has one Wheel, 


and the year Clock two Wheels, more than the 


| Not hurtful to the 
performance if it 
remains uniform. 


week Clock ; and each Wheel has its friction ; 


conſequently the friction is greater in the 
month Clock than in the weekly one, and ſtill 
greater in the annual Clock than either: But 
60. If the friction remains uniform, an ad- 
ditional power may be applied that will render 


the action on the pallets equal in each Clock; 


in which caſe, the Pendulums (ceteris paribus ) 
would vibrate in equal times ; nor would their 
Iſochroniſm be any how influenced by the above 


uniform difference in friction (50). 


61. But 


3 
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61. But the influences of heat and cold on Trz er come. 
the oil applied, will tend to vary the action of ee 
the Wheels on the pallets, and conſequently the 1— of the 
length of Vibration (52) and Iſochroniſm of the 


Pendulum (19). ; 
62. And, as this influence may » reaſanubly be Moſt barthul in 


thoſe Clocks that 


ſuppoſed equal, on the correſponding parts of g0 longelt 
thoſe Clocks; the additional Wheels muſt have 
their dditonal influence; and the Iſochroniſm of 

the Pendulum is more diſturbed in an annual, 

than a monthly Clock ; and i in it, than a week 


ly one (55). 
53. It may poſſibly be ſaid, that for the Why 24 hour 


ſame reaſon, a 24 hour Clock ſhould go better —_ 
than an Shy one; but the inconvenien- 

_ cies attending the uſe of the former might more 

1 ballance its advantages. 


If any ſhould ſay, that Clocks i in general Clocks ſtand in 


time of winding 


aint ſtand, or have a retrograde motion in up. 5 


time of winding, and that this error is leaſt in 
Clocks of long continuation ; I anſwer, that 
every good mechanic knows For to remedy this 

imperfection: But this I paſs, as foreign to my 
3 - 

65. From the above conſiderations it appears, — Clocks 
as for an accurate meaſure of time, eight-day ö : 
Clocks are preferable to thoſe Y a longer conti- 

nuation, 1 


_ 7 MWoeigbi 


Velocity as the 
motive force. 


PR 


Times inverſely. 


dulums, gravity 
only the motive 
force. 

All pendulums 

of equal len 5 

iſochrenal, 


hh . Not ſo in Clocks. 


„„ 0p 


action of the 
W heels, deſtroys 
the Iſochroniſm. 


Proportion of fach 
alteration 1 in time. 


Alteration in the 


uro, or 


| Wag of the Pendulus Mm. 


66. Since the velocity generated 3 is c 5 as the 
motive force impreſſed : it follows, 

67. That the times of Vibration of a Pen- 
dulum will always be inverſely as the motive 


force *. 
T In detached Pen- 


68. In Pendulums detached from Clocks, the 


action of gravity only, is the motive force: Hance. L 


69. The Vibrations of all Pendulums of 


op length, and deſcribing ** Arc 5 are iſo- 
C 


onal in the fame latitude +. 

70. But, when a Pendulum is applied to a 
Clock, the J. mpetus of the Wheels, together 
with ze achon of gravity, conſtitute the mo- 
tive force. : 

71. Hence, any Aierationi in the action * the 


Wheels on the Pendulum, will alter the time of 
Vibration (67). 


72. And the alteration that wil happen in the 
times of Vibration of a Clock, will always be 
to the whole time of 1 its Vibrations WOE as the 


hace * 1 p — 7 
n - : 13 4223 9... * r "WY P 2 6 ODINNP "3" Oe Ot I" TY 8 


* The weben are 18 — of "YR fame DER or 


that all the parts that conſtitute the motive force, do act during 
the whole time thereof, 


+ For the action of gravity, and the Vis Inertiæ will bear 


the ſame proportion to each 2 whatever be the quantity of 


-alteration 


CLOCK-WOR K. Ty 
alteration in the motive force, to the whole Wp oF THE 
motive force (66, 70). les 

3. Thus, it is obvious, that (cet, far. the ry 3 
heavier the Pendulum, the leſs proportion will AR 
any alteration that may happen in the action of 
the wheels bear to its whole motive force (70), 
and conſequently, the ſmaller the alteration in the 
times of its Vibration (72) “*. 
74. To illuſtrate this farther, let us ſuppoſe Iluſtration. 
the action of the Wheels equal to tbe action of 
gravity on the Pendulum, and let this action of 
the Wheels be ſo applied, that it oppoſe the aſcent 
and promote the deſcent in the very ſame manner 
that gravity does: then, will the times of Vi- 
ae be only half as long as they would, if 
gravity alone acted; for the velocity will be 45 
| Bled (66), and the r of Vibration remain 
the ſame. 
z. And if by any means the action of b 
Wheels on the 8 be diminiſhed, fup- 
poſe = the motive. force of the Pendulum will 
(709, 74, be diminiſhed = 2, which will alſo 

diminiſh the velocity: in the ſame proportion. 

| 76. But if the weight of the Pendulum be Dito. 
double the action of the Wheels, and their 
action as formerly, be diminiſhed = , if will anly 


—— WEI 


2 9 —_—_— — 


3 


* Becauſe the action of * on the Pendulum 1 is unalte-. 
_ rably the ſame, 1n the ſame place, 


4 make 


16 
WercnT or THE — 
8 make a difference of = in the velocity; and 


—— conſequently in the time (67). 


Ditto. 


Ditto. 


Application. 


IMPROVEMENT or 


77. Let the weight of the Pendulum be qua- 
druple the action 01 the Wheels, then will an al- 
teration of — of the action of the Wheels make 


only an alteration of - T of the motive force (70); 


and conſequently in the velocity and times. 
78. Let the action of gravity be to the im- 
petus of the Wheels on the Pendulum, as t00 


to 1; then if the action of the Wheels as for- 


merly be repreſented by 30, the whole motive 
force of the Pendulum will be 3030, and a di- 
minution of 4 in the ation oy the Wheels, 
will make an alteration of = =; in the motive 
force and velocity of the Pendulum: Henee a 
Clock would loſe, one minute in 3030. 
79. Thus it appears, that the /ame cauſe that 
produces an alteration of one minute per hour, 
with a Pendulum whoſe weight is equal to the 
action of the Wheels (74), will only cauſe an 
alteration of a minute in an Hour and half, when 


the weight of the Pendulum is double the action 
of the Wheels (76); 4 minute in two hours and 


a half, when 80 weight of the Pendulum is 
quadruple the action of 12 Wheels (77); and an 


alteration of one minute in 30 30 14 zo aa 


* 


— * 2 1 
3 1 ob ET Bat 8 5 : = 


_m—_— 


3 * That i is, A « Pendulum, on which the 3 of is main- 
taining power and gravity, are equal: or in which each of them 


contribute equally to its motive force, 


* 


C L O 0 K w OR K- | 
two hours, and 30 minutes), when the weight Weronr or THE 


of the Pendulum is to the action of the Wheels, 
as 100 to 1 (78). 

80. Hence it is evident, that the 41 000 
in the meaſure of time, is (cæt. par.) c the whole 
time, as the alteration of the motive force of the 
Pendulum (70) to its whole motive force. 

8r. And therefore, the advantages of Pen- 
dulums, are ſcæt. par.) as their weight *. 

82. I have here conſidered the action of the 
Wheels, as oppoſing the whole aſcent, as well 


7 


PENDULUM. 


Ne 


Alteration in the 
whole time; — 


LE 


Advantage of pen- 
dulums, &c. 


as accelerating the deſcent: in Which caſe, 
any alteration in it, (commencing at the extre- 


mity of Vibration) would have the ſame effect 
with an alteration in the power of gravity ; ; 
that is, it would alter the velocity and times, 
without altering the Arc of Vibration. 

83. But #n all Clocls; the action of the Wheels, 
muſt promote the deſcent, more than it oppoſes 


the aſcent of the Pendulums (or the contrary,) 


and conſequently, the Arc of Vibration will be 


increaſed or diminiſhed with the action of the 


Wheels: and the times of Vibration rendered 


more iſochronal than above ſtated (79) ; but the 


relative proportions of the ann that will 
happen in the times, will nearly remain the 


6 


5 Though I DEL hits ſtated the advantage. of 3 Pen- 
dulums as unlimited, I ſhall hereafter endeavour to ſhew, why 
the practice may not, beyond certain limits, agree with the the-ry. 


| D | ſame. | 


Why the Arc's 
are increaſed and 
diminiſhed, 
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THE PENDULUM, 


Table of the mo- 
menta deſcribed. 


MouMENTUM or 


IMPROVEMENT or 


ſame *. now proceed to compare, the MOM N TA 
or PzNDULUMs, differently acquired. 
84. I have in a former part of this Elſay 


ſhewn, that the advantages of long Vibrations, 


bear a duplicate proportion to their Arc's (41, 47). 
85. Therefore, if there be two Pendulums, 


of equal weight and deſcribing equal Arc's, and 


it be required to increaſe the momentum in each 


IN equally ; but in the one by weight, and in the 
other by increaſing the Vibrator, it may be 5 
done as fr wing LTD 
86. Suppoſe each Pendulum Gy pound weight, 
and to vibrate one degree from its point of reſt, 
then will their momentum and advantages be 


equal ; but if their momenta be equally increaſed 


(85), as above, the weight of the one, and the 


angle of Vibration of the other, muſt be, as in 


rhe following table; where you have in the firſt 
column, the increase of momentum, and di- 


rectly oppoſite to it, the weight of zhe one Pendu- 


lum in pounds, and the angle of Vibration of 
the Ft in b. g and minutes. 


4 
_ 4 


| * The ; helght 6 to which a Pendulum will fie, re on 
its velocity at its loweſt point; without any regard to the means 


by which ſuch velocity was acquired: Hence, though the action 
of the Wheels on the pallets, accelerates the deſcent, it in ſome 
- meaſure corrects ſuch acceleration in circular Arc's, by enlarging 
the following Vibration (19). But this does not happen in cy- 


clonal Arc 8. 
87. This 


; 4 4 * 2 — — 
— _ . 
* * \ 8 
pf 


Sv” 


; Lo RWO RK. 
87. This table alſoſ 


Momen- (Wei _ Angle of JEN 
gives the momentum of-. in libs. | in deg. and min. 
the ſame, Or equal Pen- d bn 4 25 
dulums, vibrating dif-| j |, | 3 

4 30 2 te 
terent angles. Thus: | 5 | 3? 121 25 
88. Find the angles) a 15 | : v7 vet 
O 
of Vibration in the laſt| 4 „ 
column, and oppoſite 2s fie 5 8 
to them in the firſt, | | 3 : | 
you have the momen-|ie2__I600 | 4 


ta, Ex, If the one ribratos one . and 
the other ten degrees, their momenta will nearly 
be, as one hundred to one: If the one vibrates two 
degrees fifteen minutes, and the other eight 
degrees fifty-ſeven minutes, their relative mo- 


menta will be, as five to eighey; and their ad- 


vantages in correcting the irregularities of the 
movement, are as the relative momenta (47, and 
81,) that is, directly as the weight, and in the 
W ratio of the Arc. 


But to come cloſer to the purpoſe ; let us 


es that there be given a Pendulum of eight 


pound weight, deſcribing an Arc of ten e 
from the loweſt point; if it be required to make 
a Pendulum that ſhall have equal momentum 
with the former, and only vibrate thirty ni. 


MoMENTUM oF 
| THE PENDULUnt, 


Further uſes. 


Ditto. 


Example. 


nutes from its loweſt point, its weight in round 


numbers muſt be 3000 pounds; a weight, that 


I am apt to think, the greateſt admirer of ſhort 


Vibrations would not, without ap prehenſions, 


D 2 apply 


ing parts, &c. 


5 IMPROVEMENT OF 
viren, apply to a Houſe-clock : but there appears not the 
x . leaſt riſque or inconveniency in acquiring the ſame 
N momentum, by enlarging the Vibration as above. 
Objection to long 90. It may be further urged in favour of 
a and it ſhort Vibrations, that the influence of the oil 

on the pivots of the verge, is' diminiſhed as 
the angle of Vibration. But is it poſſible to 
imagine] that any perſon ſhould think of this, 
without having firſt attempted to diminiſh the 
influence of the oil on the pallets; where the 
effect is at leaſt two hundred times as great? 
Further ill. 91. Thoſe who are not yet ſatisfied of the 
tion in the follow- . of long Vibrations, may have further 
ſatisfaction, when the influences of the oil on 


the pallets and the reſiſtance of the air are con- 
ſidered. And | > 


Query. 92. As ſome may enquire, what 2k have 
induced ſo many learned, and ingenious men, 70 


prefer ſhort Vibrations to long. I ſhall endeavour 5 
to point out ſuch arguments, as appear of greateſt 


7 ny in ſupport of ſhort Vibrations. 


Argument firſt,in 93. Firſt, Becauſe ſhort Arc's of a circle, 
bod ide little from the cycloidal curve: They are 


ſuppoſed to partake of the ſame properties. 


Argument ſecond. 94. Secondly, Becauſe ſhort Vibrations are leſs 


Hable to communicate motion to the ae of 


ſuſpenſion. And 


Amma ai, M6 Thirdly, Becauſe they meet with lefs re- 
LS ſiſtance from the air, and conſequently are main- 


tained by a ſmaller power; they are thought 


preferable to > long canes. ©: . 


1 2 Per 
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ferent from the cycloid ; nor has any method 


is demonſtrated of Pendulums deſcribing a cy- 2 checks | 


is applied to a Clock. 


LOD RK. VON. i 


But let us now enquire, whether theſe are real _ Stor 
. . | IBRA TIONS 
or imaginary advantages. AA n. 


96. And firſt, of the cycloidal properties, they Cycloldal proper. 
ſeemingly having introduced ſhort Vibrations; ties. 
I here confine my remarks to the eſtabliſhed 1 
theory only, and paſs all the imperfections of Te, ww 
materials or execution. 1 
97. Mr, Huczns demonſtrated, that a Pen- By 8 applied 
dulum, vibrating in the cycloidal curve, would * NA 
perform all its Vibrations, whether long or ſhort, 


in equal times ; and directly thought of apply- 


ing this to Clock-pendulums, and pointed out a 


method, by which the center of oſcillation of a 


Pendulum might be made to deſcribe a cycloid. | | 9 | 
98. But here, the center of oſcillation was Center of ofcilla- | 
conſidered as a fixed point; which cannot be fon nt a heed. 

in a Pendulum vibrating between cycloidal Vibrations. 85 0 
cheeks; for the Pendulum alters its length in 4 


every part of the Vibration, and conſequently 
the center of ofcillation muſt be continually 
changing its place, and ſo deſcribe a curve dif- 


been yet propoſed for obviating this difficulty. 
99. But, ſuppoſing this objection removed, what Other objestions 


cloid, is by no means true, after ſuch Pendulum 


OY 2 D * 4 1 
mA Wy — 


But this demonſtration does not include the influences of 
the medium. lg Tf Wm 
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. IMPROVEMENT OP 
of —.— 100. Sir Isaac NEWTON was well aware of 
Mir. Hvonxs's overſight in both theſe articles; 
| for, when HE ſhews trek to makea Pendulum de- 


Sir Lade Nzw- ſcribe a cycloid, he ſuppoſes it a point. Sec his 


TON aware of this. Prin. Math. Prop. e 


101. And when HRE demonſtrates the eycloi- 
dal properties of a Pendulum, (Prop. 51.) he 
expreſsly ſays, © Trar Gravity ALONE, ſhall 
act on the Pendulum; which tacitly ſuggeſts, 
that when the Wheels of a Clock act on the 
Pendulum, the cycloidal properties are deſtroyed. 
Argument in fa= 102. But it may be faid, that if the Wheels 
CRE of a Clock are made to act on the Pendulum, 
in the very ſame manner that gravity does, the 


cycloidal properties may be preſerved : but this 


 Suppoſition not ſuppoſes the action of the Wheels, as invariable 


as the action of gravity, which I imagine is not 
the caſe in any Clock, that has yet been made; 
and if any alteration happen in the action of the 
Wheels, thus applied; it will have zhe /ame effect 


on the meaſure of time, as an alteration in the 
power of gravity. 


Aion of the 103. Nor is it poſſible to RE the action of 


Wheels can never 5 
89 the Wheels, in every reſpect, to coincide and co 


 reſpe&t with gra- Operate, with gravity ; for gravity promotes the 


dam. deſcent in every point, and in the ſame manner 


oppoſes the aſcent; Which can never happen in | 
the action of the Wheels on the Pendulum; for, 


| Reaſon, 104. Though i# may promote the deſcent, in 


the very lame manner that gravity does, it can 
1 DEVET 
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never oppoſe the aſcent, as much, and in the ſame Oi euonr Vi- 


BRATIONS9, 


manner; for in that vals, it weed counter- at 


itſelf, and cea/e to maintain tbe Vibrations: but of 
this more hereafter. 


105. Let us for a few minutes diveſt our- Enquiry. 


ſelves of cycloidal prejudices, and found our 


enquiries on common ſenſe, and the following 
conſiderations will naturally preſent themſelves. 
106. Whenever cycloidal cheeks are applied ae fe 


tions hurt the per- 


it is ſuppoſed that the longer Vibrations are formance with re- 


iling pallets, 
{lower than the ſhorter ones ; but though r 


is the caſe in detached Pendulums, it is quite 


otherwiſe in thoſe applied to Clocks with NN 
pallets. For, 
107. If we add, to the moving power of a An eaſy experi- 


il 
Clock on the recoiling principle, its Vibrations clocks. © 


will become longer, and at the ſame time 


quicker : this is a truth of which few, if any 
Clock-makers, are ignorant, and of which any 


perſon in poſſeſſion of a Clock of the recoiling 


principle, _ ſoon be convinced“. 
1 08. prong 


— 


a» 
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* It may poſibiy be here faid, that though this has been gene- 
rally if not univerſally the caſe, yet a certain mode and quantity 
of recoil, may be eſtabliſhed, that will give in practice, all the 


Properties that the cycloid does in theory: but I am apt to think 


that ſuch inveſtigation, is much more difficult than that of the 
cycloid; and that the application of ſuch theory to practice, 
muſt be more critical than even that of the cycloid. For, 
admitting that the mode and quantity of recoil is inveſti- 
gated, the application to practice, will be more difficult than the 
I cheeks, in proportion, as the face of the Poles is 

orter 
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Of snoxr Vi- 
' BRATIONS: 


Furtherarguments 
_ cycloidal 

brations and a 
recoil. 


Effect with a dead- 
beat poſtponed, &c. 


IMPROVEMENT. OF 
108. How abſurd then would it be, to render 


thoſe quickeſt Vibrations, yet am by the ap- 
PR of cycloidal cheeks ? 


. If thus, it appears, that the application 


of he cycloid to Clocks, does even in theory in- 
creaſe the evil: What muſt they do? when we 


add, the imperfeftions of execution, the elaſticity 


of cycloidal cheeks, together with the many changes 
that happen a by heat and cold, and the bad 


effefts that may ariſe from the corroſion of the 


metals, &c. &c ®. 

110. I cannot hays inveſtigate the effect of cy- 
cloidal cheeks with the dead-beat, without anti- 
cipating the theory of pallets, but ſhall here- 

ter endeavour to ſhew the impropriety of any 


application of them, . ſince the effect of the den- 


ſity of the air, on the notive force of the Pen- 
dulum, does exactly balance the effects of its re- 


ſiſtance in circular Arc's: ſo far as they in- 


fluence the meaſure of time, as ſhall be ſhewn 


in its Proper place. ane ere | 


2 


„ —— —_— 


”—__ — — 


ſhorter than ſuch * : and I ſhall ſhew hereafter, that in 
Clocks where the maintaining power is uniform, circular Vibra- 
tions are preferable to cycloidal ones; and the ſame objections 


ſtand in the way of any recoil of whatever kind. 


This chiefly alludes to ſuch Clocks as have a recoil, which 
has been the caſe with moſt, to which cycloidal cheeks have 
been applied; and in all Mr. Hvczns's Clocks : but I ſhall 


ſhew in its proper place, that the cycloidal Vibrations are infe- 
rior to the circular, in a reſiſting medium whoſe Oy is _—_ 
5 whatever be the confiruction of pallets. | 
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conclude; that ſhort Vibrations derive no greater 
advantages from any affinity they may be ſuppoſed 
to have to the cycloid ; than the cycloid poſſeſſes. 


25 
111. It ſeems no more than reaſonable to Of suoxr Vi- 


BRATIONS, 


— — 


112. And though all that hath been demon- Impropricty of 


ſtrated of the cycloid, had been as unexception- 
able in Clock-pendulums as in imaginary ones; 
it would not follow; that ſhort Arcs would have 
any more of the cycloidal properties, than ſtraight 
lines have of the properties of ſhort Arcs; and 
if ſuch inaccuracies are admitted as mathemati- 
cal reaſoning, we need not be ſurpriſed to hear 


ſuppoſing that 
ſhort Arcs, &c, 


it aſſerted, that there is no difference between a 


cycloid l a ſemicircle; we may deceive our- 
ſelves 2 uch reaſoning, but cannot impoſe on 
nature; the ſmalleſt part of the one, for Port of 
the other. 

I13. As to the motion that may be commu- 
nicated to the point of ſuſpenſion (94), I have 


Suſpenſion, 


only here to obſerve, that it may be more advan- 


tageouſly prevented by rendering the point of 


ſuſpenſion more immoveable, than by rendering 


the Vibration ſhorter; ſince by this means, we 
may preſerve the one advantage; without loſing 
the other. e this more eee 


„„ IMPROVEMENT OP 
As to the reſiſtance * of the Air. 


Its changes only I 14. I formerly have obſerved (27, 28), that 
co be conlidered: we are only to confider the alterations that hap- 
pen therein; and if in this reſpect ſhort and long 
Vibrations are found on a level, zhe latter is to 
be preferred, for reaſons already given (89, 47). 
Shortens the time 1 1 5. Since the reſiſtance of the air ſhortens | 
— the time of aſcent (17), as much as it prolongs 
* the time of deſcent (17); let an aſcent, and deſ- 
cent, be. taken together ; and any change in the 
reſiſtance, can only affect their times, by render- 
ing the Vibrations longer or ſhorter (19). And 
therefore ＋, | 


2 Wat Md Ac led —— ro. * 28 * ith a. lt * 


* By the reſiſtance of the air, we are only to underſtand the 
effects of its Vis inertiæ, by whieh the motion of bodies paſſing 
through it is deſtroyed: ſuch effects as ariſe from its different ſpe- 
cific gravities, independent of its Vis inertiæ, ſhall be conſidered 
towards the end of this Eſſaxy. 5 | 
I Sir IsAAc Newroxn takes notice in the 2d Corol. to Prop. 
27. Prin. Math. V. 2. That the time of deſcent of a funipendu- 
* lous body, is ſomewhat more prolonged (by the reſiſtance of 
the air) than the time of its aſcent is contracted, in proportion as 
5 er deſcent is longer than the ſubſequent aſcent; which is not the 
caſe in Clock- pendulums, where the time of deſcent is contracted 
by the action on the pallets : and if the reſiſtance ariſing from the 
Vis inertiæ of the air, tends to render the Vibrations ſhorter, and 


quicker in circular Arcs (19) in proportion to its denſity ; the Y 

ſpecific gravity of the air independent of the Vis inertiæ, tends 1 

to render them ſlower, in the ſame proportion. See 6 Corol. to 7 

3 Prop. 24. of his Principles; where he ſayͤs: That the com- 1 
Vol. 2. % Parative weight is the motive force of a body in any heavy i 
medium: and therefore does the ſame thing in ſuch a non-re- Fr 
_ * /iſting medium, as the abſolute weight does in a vacuum.” _ 3 
But of this hereafter, „55 
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CLOCK-WORK. 27 
116. The iſochroniſm will be leaſt altered in ReoteTANCe - a 
thoſe Vibrations, that undergo the leaſt propor- 
tional alteration. in their length (14), from ay th fe r 0 7 
change, in the reſiſtance of the air; or in Nc. ' 
ig: power. 

The reſiſtance chat a Pendulum meets 

wh. from. the air, bears a duplicate proportion 
to the length of the Vibration: and the re- 


ſiſtance that gravity makes to the aſcent of the 


Pendulum, is alſo in the ſame proportion. There- 
ore, 


118. All chat has been ſaid concerning the Reference, xc. 


eomparative advantages of long and ſhort Vibra- 


tions (from 29 to 48), 3s m_ applicable 
zo the uniform reſiſt ance of the air * 

119. And, though the whe reſiſtance is 
much greater in long, than in ſhort Vibrations ; 


the change that any. alteration in the denſity of os 


air, will make in the reſiſtance ; will bear 10 leſs 
Proportion to the whole reſiſtance in ſhort Vibra- 
tions than in long: And therefore, (116, 118). 

120. IF no other confideration than "the uni- Long Vibrations 


form reſiſtance of the air, did take place; ThE preferable, Kc. 


— — * N — 


_ * Here it is to be obſerved, that the uniform reſiſtance of the 
air, tends to diminiſh the effect of any change in the maintain- 
ing power, in the duplicate proportion of the Arc of Vibration. 
See Plate 1. Fig. 1 and 2. where the reſiſtance of the air as 
well as that of gravity may be repreſented by the perpendicular 
heights (117), (i. e. the verſed ſines,) ſo that the former muſt 
have a ſimilar effect with the latter in preſerving the Vibration 
of a more equal length, (41, 46, 47) and more ifochronal (14). 


E 2 LONGER 


——— 


28 

' ResisTANCE 
OF THE AIR, 
7 Row 


A 


- 


IMPROVEMENT OP 


' LONGER VIBRATIONS IN CLock-PENDULUMS are 


much preferable to the ſhorter ; nor do the altera- 
tions that dirs 1s in ſuch refs, france render them ö 


inferior (119) . a 


Sir IsAAc NE w- 
ro's demonſtra- 
tion not applicable 
to Clock-pendu- 
lums. 


His words, &c, 


Funi pendulous 
bodies. 


12x. Some hart af ſhort Vibrations, may 
urge what Sir Isaac NEW TON has wrote in the 2d 
Cor. to the 27th Prop. V. 2. of his Principia; but 
I may venture to aſſert, that if their attention in 
reading, is equal to his judgment in writing, they 
will not apply any part of what he there ſays, to 


 Clock- pendulums : : 


122. His words are, That the ſhorter oſ- 
« cillations are more iſochronal, and very ſhort 
e ones are performed nearly in the lame times, 


* as in @ non reſiſting medium f. 
But let it be obſerved ; that what Hz has 


ad: is expreſsly of fan euer bodies 


4, to diſtinguiſh them, from ſuch bodies as have a 


maintaining power, 1 are kept i in conflant mo- 


r 


— 


Fr If a 1 3 near to a ſolid baths » at «the ex- 
tremities of its Vibration, the repercuſſion of the air from ſuch 


body may tend to accelerate the deſcent; and ſo contract both, 


the times of aſcent and deſcent; on which account, Clock-pen- 


dulums ſhould have ſo much room as never to ARPronen very 
near to the caſe, 


By a non-reſiſting medium is here meant, a medium 


deprived of its Vis inertie ; and it is alſo implied that its denſity 


remains the ſame: otherwiſe the times of Vibration might be al- 
tered, even in a non- reſiſting medium. 


I Bodies ſuſpended by threads. 


I24, His 


CLQ'CK-W OR KX. | 29 
124. His meaning therefore, may be expreſſed Are rer 
thus; ſince the reſiſtance of the air & in the duplicate 
proportion of the velocity, the longer Vibrations His meaning 
(where there is no maintaining power) muſt loſe c. . 
more motion than the ſhorter ones do : and when 
the Vibrations become very ſhort, the reſiſtance 
is ſo ſmall, as to produce no ſenſible effect in the 
length, or time, of many Vibrations. 
125. Any onewho reads with due attention, 1 Did not intend 


th 
demonſtrations concerning Pendulums, will clearly ,, Clocks, ns 


fee that he did not intend they ſhould be under ſtood 
Huch as were applied to Clicks ; For, 

126. When he gives the method of cauſing a Reaſons. 

Pendulum to oſcillate in a cycloid (Prop. 50.) | wh 

, Juppoſes it, @ point; and this ſuppoſition re- 

moves in his demonſtrations any inaccuracies that 

may be found in Mr. Hucens' s; Who expresſly 

- Clock-pendulums are meant; ; and that the 

center of oſcillation is a fixed point within them. 

But of this more hereafter. 

127. Moreover, when Sir Isaac demonſtrates 

the properties of Pendulums oſcillating in a cy= _ 

cloid (Prop. 51. ) he fays, © That gravity alone, 

ec acts on it; does not this even ſuggeſt, that the 

addition of any other power would deſtroy theſe 

"PRIN ? 
| . If any further proof ſeemed neceſſary; He was well 
| hat OUR INCOMPARABLE PHILOSOPHER did note 36: 
mean, any of the demonſtrations of funipendu- 

lous bodies, to be underſtood of Click-pendulums ; j 


and 


30 
RESsITSTANCE 
OF THE AiR. 


COT 


Prop. 27. Corol. a. 
Vol. 2. 


Reaſons. 


IMPROVEMBENT or 


and that he was well aware of the changes that 
the application & a Clock would cauſe in the mo- 
—_ = a Pendulum. 

. I might further obſerve ; that in the 
Pt cited corollary (121) he ſays, © But the 
times of thoſe (Vibrations) which are performed 
« in greater Arcs ate a little greater, becauſe 
« the reſiſtance in the deſcent of the body, by 


3 which the time is prolonged, is greater, in pro- 


« portion to the length Joſcribed in the deſcent, 


c than he reſiſtance in the ſubſequent aſcent, by 


Deſcent quickeſt 
* Clock-pendu- 
lums, &c, 


« which the tims is contrafed. * This cannot 
be underftood of Clock-pendulums, for it ſup- 


poles each ſub/egnent aſcent ſhorter than the pre- 


ceding deſcent, which muſt terminate in reſt. 
I 30. But as ſoon as a Clock-movement is ap- 


plied toa Pendulum, the deſcent is performed in 


leſs time than the aſcent, becauſe the action of 
the Wheels promotes the deſcent, and renders each 


| Further reaſons, ſubſequent aſcent, as long as the preceding ; 


&c. 


MOREOVER ; What Hz means to be underſtood of 
Clock-pendulums, he expresſly mentions ; See 
Cor. 2. 8 53. Pr. Math. 


— — 
— — 


* 


* Becauſe the reſiſtance, is in each, as the ſquares of their 


velocities : i. e. as the ſquares of the ſpaces deſcribed : if the 


ſpaces deſcribed remained * ſame, ſo would the reſiſtances: 


here ſays3 3 is by no means to be underſtood of ren, having 


a maintaining power. 


2 me 131. [: 


CLOCK- WO 3 31 
131. 1: does not therefore appear, that ſhort N 
Vibrations derive any advantages from their ſup- - 
poſed aſſinity to the cycloid; nor that Sir Is AAC 


Nxwrod any where meant, to recommend them in Concluſion rela- 
Clocks; it the improvement of Clock-work, had ee at 


brations. 


been his motive for writing, it cannot be doubt- 
ed, that he would have ſhewn as much Mathe- 
matical ſkill and accuracy in this, as in other 
ſubjects; but his views were more exalted. 

132. We muſt then judge of ſhort Vibrations, Pradice the crite- 
ſolely, by the known properties of the circle; and TON: 
when we have compleated a probable theory, - 
l will beſt determine its merits. 5 

One reaſon more, againſt ſhort Vibra- Agscher reaton; 
3 nd heavy Pendulums ; is, that the ſpring &c. 
that ſuſpends the Pendulum, muſt increaſe in 
ſtrength, as the Pendulum does in weight; and 
ſince all ſprings alter their dimenſions, and conſe 
quently their elaſtic force, by heat and cold; it 
follows, That 

134. Such changes, muſt ; in every ſpring bay Changes in Pendu- 
a certain proportion to the whole elaſtic force; lum ſpring. 
therefore, the changes that will ariſe in the forces 
of different ſprings by equal changes in their de- 
gree of heat and cold, will be to each other, as 
the relative forces of ſuch ſprings; And TY 

135. Though I have hitherto conſidered the hog e 


motive force of the Pendulum, as compoſed e he — 
wholly of gravity and the action of the Wheels y 
(6700 it would be abſurd, not to add to them the 


elaſtic 


1 IMPROVEMENT OF 

, elaſtic force of the above ſpring, ſince it oppoſes 

| the afcent as much, and in the ſame manner, as 
[ it promotes the Wen, and therefore has a con- 

| ſtant tendency to ſhor ten the times of Vibra- 
| „ of, WTR 

, Effect of changes 136. And the effect that this claſtie foret | 
i cg _ will have on the times of Vibration, will be (80) 


as the elaſtic force, to the motive force of the Pen- 
dulum; And, 


Ks the whole foreh © 137 Since the W in this force, are, 
of ſuch ſprings. in different ſprings, nearly as their whole force, 
(134), it follows, that the relative effect that ſuch. 
changes in the force of the ſprings would have on 
the times of Vibration, would be e as che 
whole force of ſuch ſprings. | 
As the weight oo 138. But as the force of thoſe 1 muſt 
che Pendulum. increaſe as the weight of the Pendulum, the al- 
terations that will Tas in the times, will be 
(137) as the weight of the Pendulum ; and con- 
ſequently when the momenta are equal, it will 
be much greater in ſhort, than in long. Vibra- 
tions N 1355 7 . 
Some chuſe ſtiff ſprings, as FRD reſiſt * towards the ex- 
tremities of the Vibrations, from which they acquire in ſome 
degree the properties of the cycloid: But any alteration in the 
action of this ſpring, has the ſame effect as an alteration, in 


power of gravity : which alters the times of Vibration, in cy- 
cloidal, as well as in circular Arcs. 


＋ Nor will the certrifugal force of the longer Vibrations, at its 


loweſt points, nearly ballance this inconveniency in the heavier 
Fenduluins. | 
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Loe kV en «x. 
I 39. Some may poſſibly expect that I ſhould 
here mention the exact limits for the length of 


Vibrations and weight of Pendulums, but though 
I have endeavoured to run a parallel betwixt the 


advantages of each, I do not pretend to pre- 


ſcribe for the practice of others; and though in 
common I uſe Pendulums from 6 to 16 pounds 
vibrating from zhree to fix degrees, from the point 
„ reſt*; I do not aſſert that thoſe limits are 
beſt 3 on the contrary, I imagine that Vibra- 
tions may advantageouſly be enlarged to ten de- 
 grees on each fide the point of reſt ; but this re- 
quires further improvement in Se ock of 
which more hereafter. 
140. In this enquiry into the nature of Vibra- 
tions, I have endeavoured to uſe ſuch reaſoning 


as may be underſtood by every man of ſound 


ſenſe, though not poſſeſſed of the advantages of 


a Mathematical education; and I expect that 
by having thus, as much as in me lies, increaſed 
the number of my judges; impartiality will be- 


lieve, that Iwiſh no overſight of mine to miſlead 


or paſs unobſerved. 


33 


e 


Limits of Vibra- 
tion hinted. 


Addreſs to the 
reader, 


141. Some further objetions to cycloidal Vi- 


brations are reſerved for an after part of this eſ- 
ſay, when the different effects of ſuch alterations 
as happen in the denſity of the air are conſidered. 


. 2 2 8 
* 9 2 


5 — 
W — * 7 — 


That is, Arcs from 6 to 12 degrees. 


F 142, Having 


34 IMPROVEMENT Of - 
rc 142. Having H., , That the advantages of 
◻cSH different Vibrations, in correcting the influence 
of any changes that may happen in the main- 
taining power are (cet. par.) in the rs, 
Proportion of their repective lengths (41, 47): 

243. That the conſtant refiſtance of the L008 
has the /ame tendency to correct any irregularity 
in the maintaining power, and to limit the length 
of the Vibration; ; that the action of gravy. bas. 4 4 

118). 
a 144. And 2 ſuch e increaſe of fe- 
tion as takes place by increaſing the maintaining 
power, canmot influence the Pe? fron * the 
Clock (50, 60). 

145. That the reſiſtance of the ada has the 
finda effect in altering the length of Vibration, = 
as diminiſping the maintaining or would have 2 

(Cr, 52). And conſequently what is ſaid of the 
Former, (41, 47); is is equally LR to the 
latter. | N 

146. That ſhort Vibrations derive ub 1 
Lage by being maintained by a ſmaller power in 
proportion to their mn; than long Vi- 

brations are (48 to 51). 
147. That no method is yet inveſtigated foe a 
giving the true cycloidal properties to Pendulums, | 1 of 
(98, 99); and that any remaining error is dimi- 
niſhed by enlarging the Vibration (41, 47). 
148. That admitting all that Mr. Hucens 
has demonſtrated of the cycle; ſhort Vibra- 
2 | | tions 


/ 


CLOCK-WOR K. 35 


tions in a circle, derive no advantage from their Rte 


ſuppoſed affinity thereto (x12). — — 
149. That the reftance of the air can only 
alter the times of circular Vibration, by altering 
their lengths (II 5). 
15. That Sir Isaac NEW TON has 10 where 
recommended ſhort Vibrations for Clocks ; nor . 
did he intend that his demonſtrations of funi- 
W-- 1 pendulous bodies ſhould be any how 1 to 
Clock-work (121 to x33). > 
151. That momentum may be acquired ws + 
' greater degree and more advantage, in long than 
in ſhort. Vibrations (x33 to 138), and, that on 
the whole, long Vibrations are inferior to ſhort 
ones in one article only; which takes its riſe . 
6 from the imperfections of execution; and may 
therefore be remedied by proper care in the me- 
chanic (113), as F ſhall fhew hereafter. 
152. FRO ALL wHICH, it may be concluded, Long Vibrations 
that long Vibrations are leſs influenced by equal niche 95 of 
cauſes, than ſhort ones: which concludes the firſt ſhort ones, &c. 
part of the theory of Clock-work (5). I now pro- 
ceed to the SeconD: in which many articles will 
occur, that will corroborate what has been al- 
ready ſaid. 
153. The Jubjef? of* cngiiry in the ſecond 8e. Second part of the 
part of this Efſay is, WHar coxnsTRUCTION OF A e, Ke. 


CLock, tends leaſt to alter the ack tad of the 
= Pendulum. 


F-2 154. As 


IMPROVEMENT OF 


INFLUENCES. or 154, As the influence of heat and cold on the 
THE OIL ON THE 


pvors. Pendulum, and the irregularities of action, with 
——— ' wheels and pinions, take place in almoſt all 
8 re- Clocks; I refer the conſideration. of them to a 
POT ſubſequent place; and only obſerye here, 2hat 
in each of. them, equal cauſes DITA dee 

equal effects. 
een e influences by heat and cold on ths 
oil irregular, && oz} applied in Clocks, is of a more irregular na-. 
ture; for the qualities of the oil, are through 
time changed by the motion of the Clock, in ſo 
much that equal degrees of beat and cold will 
have different effefts at different times; which 
* makes it impoſſible to apply a remedy by means 
8 of, the expanſion of metals; and it would even 
j ſeem that a perfect remedy had been deſpaired 
of unleſs by diſcontinuing the uſe of oil: this is 
alſo big with difficulties, and at the end we will 


find, that we have (at a conſiderable expence) 


only ſubſtituted a ſmaller eee for a 
UE 3 e os MN CL 
Propoſal, 156. I ſhall here endeavour to eine. i 


this imper fectiom may be much reduced, and what 


conſiruction of @ Clock will be leaſt infivenced by it, 


when thus reduced. 
Smaller quantity 


Care quant'Y . 157, ines 8. imaller quantity of oil, is Gas 


Runes. by woes; deſtroyed by motion, than a greater; the effect 
Co | 


will be rendered leſs, and always more propor- 
tionable to the cauſe, by ſupplying the pivots 
with a greater * of oil, which ſhould be 

contained 
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contained in a metal not ſo liable to corrode as 
| braſs ®; for moſt oils unleſs concentrated by cold, 
conic more or leſs of ſaline, aſcid or aqueous 
parts, ſometimes all the three; which corrode 
the braſs ; and the parts thus corroded, mix 
with and deſtroy the oil : care muſt alſo be taken 
not to uſe a ſoft malleable metal however fine, 

for duſt, &c. will ſtick to it, and tear the pivots : 

I have uſed hardened ſteel for this purpoſe, in 
ce 40 any other metal. 

. If the ſame oil be applied to any num- 

pe of Clocks, equal degrees of heat and cold 

will have equal effect on the fluidity thereof in 


INFLURNCES oF 
THE OIL, 


Contains ſaline,&c, 


parts. 


Steel buſhes. 


Foundation of the 
theory. 


each Clock, without regard to their moving 


powers : Therefore, 

159. If there be any number of Clocks whoſe 
moving powers are as 5, 10, 20, 40, &c. having 
the ſame oil applied, and equally expoſed; any 
change of heat or cold will equally add to, or 
ſubſtract from, their moving powers (158); 
ſuppoſe one degree of diminution in each, chen 


will the moving powers acting on the pallets, be 


as 4, 9, 1 9, 393 ſo that the alteration, is to the 
' whole moving power in each, inverſely as the 
7n0VIng powers to each other. 


We. : —— 
2 : 


— The expence of diamonds or rubies, is the only . reaſon * 
my not recommending, the uſe of them. But I here treat of the 
improvement of Clocks, for domeſtic uſes, wherein expence 
| muſt as much as poſſible be avoided, 


160, But 


Illuftration by 


Clocks equally ex- 
poſed to cold, 


* | 
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INFLUENCES or 


Immediate effect 


of any change, &c: 


Momentum accu- 
mulates with the 
increaſe of power. 


IMPROVEMENT OF 

160. But the immediate alteration that any 
change in the moving power ene bande 
meaſure of time, will be to the whole time, as 
the alteration in the moving power to the whole 
motive force of the Pendulum (8). 

161. Every Clock continues to W its 
Vibration till the re tance of the air, &c. be- 


comes equal to the maintaining power; and 
therefore, the momentum accumulated in thę 


Pendulum increaſes with the maintaining power; 


and fince the momentum is increaſed nearly as 


Its effect in the 


inverſe duplicate 


proportion of the 
motive force. 


Clocks ſhould 
move freely, &c. 


the motive force of the Wheels ; and the compa- 
rative influences of the oil diminiſh in the. ſame 


proportion (159) ; It follows that, 


162. The inflocncye of the oil, will affect the 
going of a Clock, (c#t. par.) nearly in the inverſe 


duplicate propariion of the motive force of the 


Wheels (161). And zherefors, 

163. Though the execution of all Clocks 
ould be fuch as render their motion as free and 
ealy as poſſible, no advantage is gained by wing 


the ſmalleſt weights that will maintain the 


Hon of the Pendulum; gut the contrary :. this 
anſwers well for proving the care and judgment 


of the workman, but o ſoon as that end is ob- 


_ tained, 7he moving power rnd be increaſed in 


The variation in 
time is greater 


with ſmall, than 


great weights. 


order to improve the performance (162). 


164. Example: A Clock that will go *% 
eight days with two pounds, will 5 time 


much better, A a weight of twelve pounds be 
7 | 
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applied; for the momentum of the Pendulum lerrurxcks or 


will by this mtans be increaſed, nearly as twelve 
to two (161), and the Influences of the oil, will 
be diminiſhed in the ſame proportion (1 60), 


therefore the alterations occaſioned in the mea- 
ſure of time, by equal changes in the oil, would 


be in the former caſe, to the alteration in the lat- 
ter as thirty-ſux to one “. 
165. Thus it appears how much thoſe are miſ- 


talen, who uſe very ſmall weights to Clocks : for 
though an increaſe of weight js 


practice than in abſtra& theory (50) T. 
166. What has been hitherto ſaid of the! in- 
fluence of the oil, ir more particularly to be un- 


der ſtood of that applied to the pivots + for, though 


3 tt A. . * 4 „ 


—— 
— — . I ' 


2 FY FR 


: — A 


* have admitted, that the momentum is increaſed exactly as 


the maintaining power, for the take of a ſimple illuflcation ; not 

with any view of deceiving : and if it appears that the advantages 

1 with the maintaining power, though not in the exact 
ortion here ſtated, my end is obtained. 


I It alſo appears, chat an increaſe of maintaining power is ad- 


vantageous, even without regard to the increaſe of momentum 
acquired by it. Hence it is not ſo great an advantage in ſhort 
Vibrations, that they are maintained with ſmaller weight; for if 
the maintaining power was as uniformly the ſame, as the exertion 
of gravity, it would conſtitute as advantageous a motive force: 
Hence it is not the quantity, but the irregularities of the maintain- 
ing power, that hurts the» performance of Clocks: and there- 
fore the moſt regular is to be preferred, without regard to the 
n it bears to the momentum of the Pendulum. 


it 


attended with an 
increaſe of friction, it only argues that the longer 


Vibrations require more maintaining power in 


OF THE OIL. 
22 —— 


Miſtake of uſing 
ſmall weights. 


Greater on the 
pallets than pivots. 
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"ha 
| Ros avon 


As the revolutions, 
&c. ie £44 


/ 


As the ſ pace, &c. 


Comparative on 
each pivot, &c. 


three revolutions, 


IMPROVEMENT OF: 


it alſo applies to the oil uſed on the pallets, the 
effect of any change in it, is much greater than 
has been hitherto mentioned; for any diminu- 
tion in its fluidity tends 70 Weſtnoy, the momen- 
tum which the. Pendulum had, already acquired, 

as well as to dimimſb the maintaining power; 


kak action and re- action conſpi pire to alter the 
eh of the Pendulum. 


If the influence of the oil on any W 
ps one revolution be expreſſed by. one, the 


will be as the number; of its revolutions. 


influence of two revolutions, will be two; on 
Aree ; &c. Therefore tha in- 
fluence of the oil, on any pivot in any given time, 


168. The ſpace deſcribed is alſo as the o- 
lutions; therefore the influence of the oil will. be 


(cet. par. ] as the ſpace deſcribed. 


169. Thus, may the comparative influence of 
zhe oil on each pivot in a Clock be found, if al- 


lowances be made for their different 5 


Example: Since the ſwing wheel makes ſixty re- 


volutions for one of the minute wheel; 


if their 


pivots were of equal ſize, the influence 5 the oil 
on the former, would be to its influence on the 


will be as twenty to one. 


170, H 


latter as 60 to 1; but allowing the pivots of the 
minute wheel _ be thrice as thick as thoſe. of 
the ſwing wheel, the relative influences on them, 


CLOCK-WOR K: 
170. If it be defired to repreſent the influ- 


ence of the oil on each pivot in an eight-day — 


Clock, it may be done as in the margin. 
171. In the firſt column 


8 {|= _, 
you have the Wheel; in | 2 05. 
the ſecond, its number of | Wheels. 5 8 808 N 
revolutions; in the third, | = 1012” 
the mean fize of both Fir, 11 * 
pivots; and in the fourth, Thad, | 38 1, . 
the influences of the oil: | S*<9vds, 220 | 1 1726 


by which it appears; that zhe influence on the 
pivots of the, ſwing wheel is nearly four times as 
great as on all the other pivots in the Clock. 


The influences of the oil on THE eALLETS are On the pallets, 


next to be conſidered. — 


172. Let AB C, Plate 2d, repreſent the ſwing Demonſtration, of 
wheel of a Clock, and H K D the pallets; if the —— 
Pendulum be made to vibrate, the leaſt angle that 


will poſſibly allow the Wheel, to eſcape; the in- 
fluence of the oil on the pallets during one Vi- 
bration, will be as the length of the plane F A 
or C D on which the Wheel acts (168), and the 


influence during two Vibrations, will be as both 


theſe planes; therefore, if A O, is made equal 
to FA and C D, together, it will repreſent the 
influence during two Vibrations; but A O, is 
greater than the Arc AL M, and therefore, will 
bear a greater proportion to any third quantity, 
and the influences are as the ſpaces (168) ; there- 
fore the influence on O A, will bear a greater 


G Proportion 


hows or 


ON THE PAL- 


1 


Uſe of the table; 


42 


Inrrvences or 


Tus OtL 
Vc; 


Action, and re- 
action have effect. 


* pallets (172), will be to- the influence. of both 


Wheel to its pi- 


vots, as 50 to 1. 


| 1M HRO VEM E Nr N QF 
* proportion to the influence on the ſwing wheel 
- pivots; than the influence on the Are ALM, 


would bear to it: but let us here fuppaſe the 
influence, only as the Aro A L. M, then will the 


influence on the pallets, during one revolution 


of the ſwing wheel, be to the influence on its 
pivots, as the nen of phe whes, to the mean 


diameter of both pivots. 
173. It may here poſſibly be ſid, that trough, 
this influence takes place at the ſame dme on 
both the pivots, it does not ſo on the/ pallets ; 5 


but let it be remembered, that on them, action 
and re- action have en effect (r 66), but in 
no other part of the movement; therefore the 


leaſt influence that can poſſibly rake place on the 


pivots of the ſwing wheel; as the circumference of 


zhe wheel to the mean circumference of both us 


Pivots. 
174. We ma) eee ſuppoſe, that the 


circumference of the [wing wheel is to that of 
its pivots, as 50 to 1; in which caſe, the in- 


fluence of the oil on the pallets, with the leafs 


poſſible vibration, will be to the influence on the 
ſwing wheel pivots as 50 to x (173); but the 


influence of the oil on the ſwing Wheel pivots, 


has already been proved equal to four times the 
influence on all the other pivots (171); therefore, 
the leaſt poſſible influence, that the oil wil have on 


the pallets, is two Zunared times as great as the 
influence 


— 


* 
1 ; 


e 


her Fats 
3 
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influence on all thoſe other proves : or forty times On THE PAL-. 


as great as the influence on all the pivots, thoſe 3 


43 


On the pallets to 


of the ſwing wheel included. CON A ts 
175. I have hitherto ſuppoſed the Vibration as a 40 0 1. 


bort as could poſſibly allow the Wheel to eſcape, 


in which caſe, the influence would be the ſame ; 
whether the pallets were conſtructed on the RECOIL- 
ING principle, or that of the DEAD<BEAT 3 but, 

176. Let us row ſuppoſe, the pallets con- Wi the dead. 
ſtructed on the principle of the DBAD-BEAT, and bet. 
that the Vibration is doubled, then will the Wheel 
embrace the circular part of the pallet, and each 
tooth will move from F to P, and from P to F 
again ; before it begins to a& on the plane F A ; W 

therefore (168), the influence of the oil will now 5 | 
be, to what it formerly was, as twice FP toge- 

ther with FA, to F A; and if FP be to F A, as 

two to three, twice F P will be to F A, as four 

to three; and therefore (168), the influence on the 


: pallets will now be, to what it formerly was (174), 


as ſeven to three; and to the influence on all the 

pivots, nearly as ninety-two to one; and this I 

take to be the general proportion of influence on 

the pallets in Mr. GRAHAM's Clocks, and in the In Mr. GRAHaAu's 
generality of others that go with ſmall weights, 9 


— —  — _—_ — 
8 


* 1 
* | 15 18 9 * 


* Or to the influence on all the pivots, thoſe of the ſwing, 
wheel excepted, nearly as 466 to 1. 


G 2 | and 


\ 
Y 
CY, 
f 
| 


* 


44 IMPROVEMENT or 
Iarrusveks oF and where the _ take i in twelve teeth of the gy 


— ſwing wheel“. 

177. Let us now ſuppoſe the above Naber, con- 
frufted on the RON prINCIPLE 3 and enquire 
what will be the influence on them 3 all other cir- 

cumſtances as formerly. 
PLATE H. 178. Let AF. be produced to H, aud it wil 
Wah 6 rt repeellin the plane on which the Wheel acts; 
buy the conſtruction of the figure, FO, will be - 
greater than F A, for they ſubtend equal angles 
6 at the center; but we-ſhall here ſuppoſe them 
7 let the tooth G, eſcape the pallet - 
g CD, and the tooth M, will drop in the point F; 
wen the whole Vibration is performed; that is, 
when the Pendulum is at the extremity of its 
Arc, the tooth M, will be at O, from whence it 
muſt return to A, before it can eſcape the pallet. 
Thus it appears, that in each Vibration the tooth 
deſcribes on the pallet, a ſpace equal to thrice 


AF; ann the W A 27 the oil on the 


2 - . - WEIS 


: " 1 . — 
— , 2 


4. 


* Plate 3. Fig. 3. exhibits at one view the length of 8 
. pallet, and the diſtances of the center of the verge from that of 
: | the ſwing wheel, according to the number of teeth of the Wheel 

| which the pallets take in, from 2 to 12: By which it appears, 
that the diſtance of thoſe centers, is the ſecant ; and the length 
of the pallets the tangent, of half the angle __ at the 
center of the ſwing wheel, by ſuch number of teeth. 


_— : 
i | | | 
1 
3 ; 
l AY 5 X : : 4 * — 
*. 8 
J — 


CLOCK-WOR K. 
pallets, during each Vibration, will in tbis caſe 
be to the influence on F A, as three to one, 


On THE PAL» 
LETS, 


179. And (174), the whole influence on the 3 thac on the 2 


pallets will here be, 0 the influence on all the 
Ppivots, as one bundred and twenty to one; but the 
influence with the pRAT-BBAT has been proved, 

to be to that on all the pivots, as ninety-two to 
one (176); conſequently, the influence of the oil 
on the pallets, with the rEcoir, is to the influence 
with the DEAD=BEAT, (in this caſe) as one hundred 
and twenty to ninety-rwo. 

180. I have in the above calculations con- 
ſidered the influence on the pallets only, but if 


we allow for the additional influence on he pivots 


with the recoil, the whole will be greater than 
above ſtated ; for the whole influence on the 
Pivots, will be as the ſpace deſcribed by the 
point of any tooth in the wheel during ſixty Vi- 
brations; to the circumference of the Wheel. 


181. In the above comparative view, the face 


of the pallet has been conſidered as a plain; but 
the demonſtrations will apply, ſuppoſing them 
curves; only obſerving that in ſuch caſe, the in- 
fluence will be increaſed in the proportion that the 
length of ſuch curye bears toa ſtraight line joining 
its extremities ; an the relative influences on all 


the parts of hoſe #wo Clocks may be repreſented | 


-as follows. 


On all the P now With recoiling pallets — 


Additional on the 
pivots, its propot- 
tion. 


On curve pallets, 
\ 


With the dead beat „„ 5 


INFLUENCES OF 
' THE OIL 


A , 4 *, . « 3 


Dead-beat to pre- 


vent a recoil, &c. 


Illuſtration, 


PLATE IU. 


Time of reſt con- 
tdered.. 


IMPROVEMENT or 


Wy The leaft poſſible 107 40 
On the pallets 5 Dead- beat and double Vibration — 92 
Recoiling pallets and double Vibrat. 1205 


182. Having thus conſidered the influences 
of the oil on the pallets, and ſhown that it 
will always be greater (cet. par.) with a recoil 
than dead-beat : I now proceed to enquire z bow 
this influence may be diminiſhed by the conſtruc- 
tion of ordinary pallets. 

i 83. An attentive view of Plate 2d may gt 
fy us, that the dead - beat is chiefly intended 20 e- 
move the recoil and its bad eſfects; and that in 
pallets, where friction and the influences of oil 
take place, no advantage, is LW by WT 


* wo of reſt. Exa 


If the gemdalum ee any angle o, 
K M, rake ſlope of the pallet ſhould ſubtend the 
while of that angle or Bain ſo, as PA: for if 
the ſlope only ſubtends one half of the angle as 


F A, the influences of the oil will be increaſed in 


the proportion that twice F P together with FA 
bear to PA; but P F and F Aſ together, are 
greater than P A; therefore twice P F and F A, 

will be much greater than PA; and conſe- 
quently (168), the Friction and influence of the 


Pe ION | — 1 1 1 - a a. Dd. Dh. ann W ** * 2 8 1 f n 


4 * 1 


= 


* Tris not meant here to aſſert, that this proportion will uni- 
verſally hold; for it will vary in proportion to the quantity of 
the recoil; but will ever be greater with it than the dead - beat. 


* 


44 
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oil, will be increaſed in the ſame proportion, by On ru par- 


thus increa fing the time of refs. — 


185. As all Clocks vibrate further when the How long it ſhould 
1 oil is clean and fluid, than when it becomes **— 
dirty and glutinous, we muſk always allow the Arc 
pl reſt as PF, to ſubtend an angle equal to the 
| greateſt change that can happen from the different 
| ſtates of the oil; nor ſhould any great latitude be 
taken here, Race Clocks ſhould always be clean- 
ö ed, when their Vibration is ſenſibly diminiſhed. 
f 1386. Thus it were well that in conſtructing 
pallets, on the principle of the dead: beat, more 
regard was paid to this conſideration; and, that 
the time of reſt, was made no longer than 18 
_ abſolutely neceſſary. : 7 
_ 87. But we daily ſee, that fome increaſe the Increaſe of recoil, 
time of reſt, while others increaſe the recoil, each“ * 
with intent to improve the performance: but | 
on the whole, increafing the time of reſt, where 
the influence of oil takes place, increaſes the evil, 
though not ſo much as an equal increaſe of recoil 
does (182). 55 
188. It may here probably be urged ue che PLATE I 
influences of the oil on the pallets, muſt always 
be greater with long Vibrations than with ſhort ; 
for P A, is longer than F A; hui if this be generally 
be cake. it does not follow, that it muſt remain 
ſo; Far, | 5 4. 
189. In equal Vibrations, thoſe influences 8 = 
- as the length of the pallets. See Plate 3. Fig. 1. . 


which 
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PLATE III 
| FIG. I, 


1 


Pallets ſhortened. 


Long pallets no 
advantage. 


IMPROVEMENT OF 
which repreſents the place: of action of four pair 
of pallets, whoſelengths are as 1, 2, 3and 4 ; if. 


the Arc of reſt, and flope, ſubtend the ſame 


angle in each; as repreſented by the dotted lines, 


it is obvious that the influences of the oil and 


friction, are in each, as the length of the pallets 
from the center of motion to the point of action.“ 
190. Therefore when the Vibration is enlarg- 


ed, the pallets ſhould be ſhortened, and care ſhould . 


be taken never to have them longer than what is 
abſolutely neceſſary ; for no advantage can be 
thus gained, and the diſadvantages are obvious 


(289). #14: 


191. As fome are of opinion, that a longer pal- 
let will maintain the motion of a Pendulum, with _ 
leſs power than a ſhorter ; I muſt once more 
refer to Plate 3. Fig. 1. where it will appear ; 
that what is gained in power by the length of the 


pallet, is loſt by the inclination of tbe plane on 
which this I heel acts; if it be propoſed to make 
the inclination equal in all the pallets, and there- 


by to acquire an advantage in proportion to their 
length, let it be remembered that if the power is 
made to act four times as ſtrong, it will only con- 
tinue to act one fourth of the time, ſo that what 
is gained in power, is loſt in time. On ibe 
whole, 1 25 4 


—— 


— — 


X , —  —_.—_—_—_—_—_. 
— „w — 2 9 


* And the length of the pallets, c. p. depends on the number 
of teeth which they take in. See Plate 3. Fig. 3. (176). 
e | 192. Since 


CLOCK-WORK. 


192. | Since the power of the /wing wheel is 
limited, any attempt to increaſe its effect, by 
lengthening the pallets, will be fruitleſs ; for it 
cannot eſcape the pallets, however ſhort ; before 
it has exerted all its force thereon. Example : : 
Every mechanic knows that the exertion of gra- 

vity, on bodies deſcending by inclined planes, is 


always as the perpendicular height, and therefore, 


never attempt to gain power by /engthening the 
plane; the caſe is exactly ſimilar with regard to 
long and ſhort pallets: for if the Wheel be ca- 
pable of exerting a certain force, in a whole re- 
volution, it can exert no more than one ſixtieth 


of that force in a ſixtieth of its revolution; that is, 
during one Vibration.“ 


193. It may poſſibly be faid, that if the 


influence of the oil was ſo great as above tated, 


its effects on the performonce of Clocks would 


be more ſenſible than they are : To this it is an- 
ſwered ; that if no other imperfection took place, 
this effed would become conſiderable; but 
ſince the friction on the pallets, as well as the 
influence of the oil increaſes as the ſpace which 
the teeth of the Wheel deſcribe on the pallets ; 
while the oil is attenuated by heat, the increaſe 


of friction on the pallets, ariſing from the increaſe 


| | 3 va { 
| " 5rd 
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ETS, 
. 


No power can be 
gained by length- 
ening the pallets. 


Why its effects 
not more ſenſible 
on the perſorm- 
ance. 


* And the progreſſive motion of the Wheel, in the one caſe, 


may properly be compared to the perpendicular deſcent, in the 
other; each, being the line of direction of the power, by which, 
its exertion n muſt always be eſtimated. 


IS Y i of 


Cauſes, &c. 
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Friction on them, 
cannot ballance it. 


Different effects 
counteract each 


other, &c, 


IMPROVEMENT OF 
of Vibration partly compenſates the increaſe of 
power, and preſerves the length of Vibration 
more equal c. p. than if no friction took place, and 


vice verſa.* 


194. But the eſfects of friction on the pallets 


can never remedy the influences of the ail, for 


the former is of a more uniform nature, and the | 


_ very changeable. 


Feat lengthens the Pendulum ind of a, 


Chick, wil ſo tends ta make it go ſlow; the 


ſame heat makes the oil more fluid ; and by thus 


 increafing the action of the Firing wheel, on the 


The whole Varia- 
tions bear leſs pro- 
portion to the 


pallets, * to make it go faſter TP. 
196. Thus, do the 2 of heat and cal on 
the W n, together with the friction on the 


pallets (193), always counteract, and in many 


caſes overcome, the —_ of the oil an the pal 
lets, &c. (193, 195); and by this means, be 
whole variation in the performance of Clocks, 
bears a leſs proportion 70 Ts whole cauſes, than 


wound: 2 pen 520 — did a not counterafs each 


* It] is not AR meant, to 1 PE Grating on "Pg 4 
lets, as a deſireable remedy againſt an imperfection i in the per- 


formance: for if it be diminiſhed to ſuch à degree, as to render 


the application of oil unneceſſary, the Vibration will by that 


means, be increaſed ſo as to be leſs influenced by any alteration | 
in the tenacity of the oil on the pivots (41, 173, 174). It is 


therefore inſtrumental only, in diminiſhing an evil of which it is 
the cauſe, and which it never can ballance; nor can its ad- 


vantage in any reſpect equal its hurt: as I ſhall ſhew hereafter. 


9 Particularly with recoiling * 
other; 


i 


CLOCK-WORK. 


other ; or if each was taken ſeparately. 0 N THE 


WHOLE IT APPEARS, 


. That oil is of a changeable dure, and Recaritua- | 


hat; 0 perfect remedy can be applied for its ef- 
fects by oppoſition (155 194). 

198. That increaſing the moving power in 
Clocks, will diminiſh the relative effect of ſuch 


influence on every part of the movement and 


7700 (162). 


Dat increaſing the quantity of oil will 


oder its influence leſs, and more uniform (1 5 7). 


200. That the recoiling pallets increaſe the in- 
fluence of the oil and fon on all the pivots, 


as well as on the pallets : : but the dead-beat does 


not (1 80). 
201. That the influence 41 the friction on 


7. - 
5 


recoiling pallets, (cæt. par.) are greater than on 


_— = 
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3 


% & 


TL ON, 


. PTY 


thoſe conſtructed on the principle of the dead- 


beat 40 187). 


on, is . leaſt on thoſe pallets, where the recoil, or 
time of reſt, is leaſt (187): Therefore, 
203. That the ſlope (or planes of action) of 


the pallet ſhould How: 14 fubtend the whole angle 


of Vibration (184), where friction takes place. 


204. That the influence of the oil is greater 


hat the Ty One of the oil and fricti- 


in pallets whoſe place of action is a curve, than 


thoſe that are ſtraight (18 1). 
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INFLUENCES OF 


THE OIL 


1 oo - 


e — 4 


— 


NRCAPTrULA- 
' TION, 


IMPROVEMENT OP 
209. That the influence increaſes (cer. Par. } 
as the diameter of the ſwing wheel (172) *. 

206. That the influence of the oil, and fricti- 
on increaſes as the length of the pallets (x 89). 
20%. That no advantage is acquired by long 


pallets, but the contrary z and therefore they 
{ſhould be made as ſhort as circumſtances wall "* 


low (191) +. 


208. That the influences 4 the oil and * 
tion may be as much diminiſhed in long as ſhort 
Vibrations (190, 172). 

209. And, that the friction on the pallets 


counteracts the influences of the oil, hut never. 


can ballance it (193, 194). 


210. Thus have I endeavoured to 8 low 5 


the changes that happen in the fluidity, &c. of tbe 
oil, do influence the per formance of Clocks ; and 


bow far the elfect may be diminiſhed wirnour 
MUCH EXPENCE : and if what I have here advanc- 
ed proves any how inſtructive to thoſe who know 
leſs ; or procures a better inveſtigation, from thoſe 


who know more of this matter; my end is an- 
ſwered. 


— — a : * — 


Here the friction does not increaſe as the influence of the 
oil; as will appear, when we conſider the nature of the horizon- 
tal wheel and cylinder. | 

+ This rule only applies in pallets, "het friction takes place; 


but J ſhall ſhew hereafter, how a conſiderable advantage may be 


tn by lengthening ſuch pallets, as have neither friction nor 
reco 


211. 1 


. —— A . GY 


CLOCKEWO'RK. - 53 
211. I now proceed to enquire into the differ- On Tux vors 
ent methods that have been heretofore uſed, for re- — nap 
moving the influences of the oil, — 
E = 2222. When two hard bodies rub againft ach 
other, there ariſes a reſiſtance which we com- 
monly call Friction; and though by experiments . 
1 ol ſhort duration, repeated at different times, we faden accumu- 
find no ſenſible difference in this reſiſtance; it 
increaſes by continuation; ſo as in ſome caſes to 
equal the moving power. — 5 
213. If a common Clock be ſet a going with- 
out any oil, it moves pretty freely at beginning . 
in time, loſee'i its Vibration; and'in the end, comes 
to reſt ; and if the rubbing be conſtant, the times 
in which this will happen, will be ſhortened by 
increaſing the preſſure, or relative velocities of 
1 the rubbing ſurfaces #. | 
1 224. All fold bodies are heated by f Benton A probable reaſon 
j or attrition of any kind; and the heat thus ge- why. 
nerated is at leaſt in ſome degree, proportioned 
to the force and velocity with which the bodies 
act on each other; nor is it improbable, that #7 
opens the pores of metals or produces ſuch other 
changes in their textures, as to occafion this in- 
creaſe of friction; to prevent the pernicious effects 
of which, oll. has been _— to Clocks ; there- 


—— 


„The e of oil will im A recover the motion; 
which tends to prove, that ſuch decreaſe was not ſolely owing to 
ſuch roughneſs of the ſurfaces, as commonly takes place, 


fore 


InFLUENCES oF © 
THE O1L 


NP | 
N 


* 


— 


Friction pullies. 


Ficlun of the pivot might by their 


Winding up every 
half minute, 


„ hung a ſtnall weight 


IMPROVEMENT OF: 
fore, if friction be removed, by any mechanical 
means, the application of ir will become unne- 


| ceflary, and its influences no longer take place. 


21 f. Thus have friction pullies been introduc- 


ed, and if materials and execution could be fu 


poſed perfect, and no regard paid t xpence, the 
eans be 
ſuffieiently reduced for common purpoſes ; nor 
would 1 diſapprove the uſe of them, unleſs a more. 
ſimple and effectual remedy could be offered; 
of which more in its place. 


216. The next 51 of i the i- 


fluences of oil from the pivots, we owe Mr. 


HuGzrns, which contrivaiice he deſcribes thus in 
his Horologiurm Oſcillatorium, fubliſhed in the year 
1673; To that Wheel which is next the 
ec Pendulum, and has its teeth ent like a ſaw, we 


by a ſlender chain, by means 


4 of which, that Wheel alone was d all the 


When firſt applied. 


e reft of the machine anſwering. no other pur- 
«© poſe than the winding up he ſmall weight 
00 _ half minute. 5 
Mr. Huchxs informs us that he applied 


this als contrivance, to two /þring-clocks that 


were ſent to ſea in the year 1664, in order to 


diſcover the Longitude ; and that their motion 


was by the above means rendered more uniform 
(at land) than in any of his former Cloeks : he 


gives a full deſcription of them, with a an accotint 


I N 


—_— 2 nne 


CLOCK-WOR K.- 
of their ſucceſs, in the above cited book, from 
page 16, to 21, to which I refer the curious. 

218. The advantage of this ingenious con- 


trivance is manifeſt in /pring-clocks that are fix- 


ed at land : for we may thus, have the conve- 


niency of the ſpring (as the firſt mover) ; and the 


more uniform action of gravity for maintaining 


the Vibrations; but we are not to conclude, that 
by this means Clock-work is perfected. 
219. J have already fhewn (174) that the 
leaſt poſſible proportion that the influence of the 
oil on the pallets, bears to the influence on all the 
pivots, in an eight-day Clock, (thoſe of fwing 
wheels'excepted) is as 200 to 1. Therefore, this 
contrivance, can only remove a 200th part of 
the whole influence of the oil in an eight-day 
W 8 
220. Some may poſſibly think, that great ad- 
vantage is acquired by removing the irregula- 
rities of action in the Wheels; without conſi- 


On THE P1voTs 
DIMI1N1SHED. 
— 


Advantages of this 
contrivance, 


Its utmoſt effect. 


Comparative ad- 
vantage conſidered. 


dering that this little weight muſt be wound up 
every half minute ; and that the ſwing wheel 


muſt as off unlock the part which winds it: 
thus, there ariſes a periodical inequality in the 


action of the ſwing wheel on the pallets, which 


is no more innocent than the periodical fluctua- 
tions in the action of Wheels and pinions, as ſhall 


32 


** 


2 ä 


3 1 


See the note to par. (176): by which it appears, that the 
influence of the oil on the pallets, and the pivots of the ſwing 
| wheel together; is 466 times as great as on all the other pivots 

in an eight- day Clock, though here, ſtated only at 200. 


be 


56" 


INFLUENCEs OF 


THE OIL. 


- nd 


Conclubion 5 50 
tive to its uſes in 


ſtanding Clocks. 


4 


| APPEARS, 115 


221. That even in 3 0 Clicks, this contri- ; 
vance ſerves only to take off the imperfections of 
the main ſpring /o as to render the action on the 
pallets as uniform as in Clocks wherein gravity is. 
the firſt mover ; and to remove a. 200th: part of 


the influence of the oil on the whole movement 


The contrivance 
ingenious. 


(174). 
222. I 4 x"fpb dot oe Ol by this * 
quiry, to depreciate an invention that indicates 


as much genius as ſome others of more utility; 

nor wantonly to detract from the merits of a per- 
ſon to whom Clocks owe their greateſt improve 
ment; I have ever preferred demonſtration, to 


opinion, nor is the leaſt diſreſpect meant, where | 


Not ſo advanta- 
geous in portable 
machines as above 


ſtated. 


ever the former is oppoſed to the latter. 
223. When treat of Watches, it will appear 
that the advantages of the above contrivance can- 


not be ſo great in any PorTABLE MACcHiNs. as 


above flated ; and that it is more than probable, 


it hurts the performance; ; but let us now ſuppoſe, 
that it has all the deſired effect, and that the in- 


fluences of the oil on all the pivots be totally re- 


medied ; the influence on the pallets ſtill remains ; 


and conſequently 2. — only of 1 05 whole influence 
on the Clock is removed (181) *. 


What is admitted at the cloſe of this N. 18 rely . 
for the ſake of illuſtration; for this contrivance has no tendency to 


remove or diminiſh the influence of the oil on the ſwing wheel 


pivots, therefore 1 its utmolt ane is ſtated (22 9. 


224. If 


CLOCK-WOR K. oy 
224. If any attempts have been made by the Ou THE Par 
mechanics of the laſt age, towards removing the =1zur». 
' influence of the oil from the pallets, I am una 
] quainted with them; and chough many have 
been made by thoſe of the preſent, it does not ap- 
pear that they have been attended with all the Introduction. 
wiſhed for effect; for it is neceſſary, not only to 
remove the ente of the oil; but that no other 


cauſe be introduced that can be produttive of fimi- 
tar * 


. I have ſeen pallets of a very ingenious Pallets by Meſſrs; 
| ine. with Mr. Jobn Harriſon of Red- nnz and 


Lion-Square, and with Mr. Hindley of York ; N 
in each of which, the friction and influences of 

the oil were almft annihilated ; but if J miſtake 

not, in removing theſe, other imper feftions have 
Been introduced; which, however ſhort of zhe . 
former, merit ſerious attention. 

226. The contrivances uſed by wich of thoſe 1 
gentlemen, fo well known for their mechanical principle. 
abilities, were much of the ſame nature ; nor did | 
they differ materially in principle in any article 
thatI could ſee ; but Mr. Harriſon informed me ; 
ce that in his regulator, the action of the Wheel 
© on the Pendulum was the ſame with the action 


. £6 * of . gravity thereon * nor do 1 in the leaſt 


* By which I under ocdl, a the ation of the ſwing wheel 
on the pallets, increaſed and diminiſhed in every part of the Vi- 
bration, in the very ſame manner that the action of. gravity did 
on the Pendulum- ball; i. e. that the action was in every part, 
as the verſed ſine of the angle contained between the center of 
aten of the Pendulum, and 1 its point of reſt, 


doubt 


- 


INFLUENCES OF 
THE OIL DIMI- 
NISHED, : 


Articles that are 


common to both. 


IMPROVEMENT OF |, 
doubt the affertion; though I have never ſeen 


thoſe pallets ; but cannot conceive what real im- 
provement can follow; however, to the beſt of 
my remembrance, no fach attempt was made in 
Mr. Hindley's; but the following articles were com- 


mon 10 boob their pallets, that I did ſee *. 


227. Firſt, Tbar the teeth of the Wheel, * 
not rub on che pallets, but continue to act (or 


preſs) on them nn, during their wo Tor 
Vibrations. 8 


* * Wea are 3 in \ the P Phil. Tranſ Vol. XI VII. pag. 51 7; 
77 in the Supplement to Mr. Hixrox's Dict. of Arts, &c. 
(See PExpbuL Un), “ that this manner of applying the action of the 
* Wheels to the Pendulum, prevents its being affected by the 


« different reſiſtance of the air: Bur I cannot imagine, that fo ill- 
grounded an affertion, was thus publicly made with Mr. HR AI- 
sonx's conſent : when it requires but a few minutes reaſoning, to 
prove, that ſuch an application of the maintaining power, muſt 
be hurtful to the performance of the Clock, by 3 the 
effects, which, amy alteration in the denſity of the 


otherwiſe have on the meaſure of time. 
Does not any increaſe of denſity (or refiſtance) i in the air di- 
miniſh the angle of Vibration? and conſequently ; this accele- 


rating effect on the pallets (note 226) ; how then can the latter 
* —— the former, when the one increaſes as the other dimi- 


niſhes? And, admitting that this accelerating effect, did increaſe 


and diminiſh with, the denſity of the air, its effect on the meafure 


of time, would be no better than above ſtated: unleſs we ſup- 


poſe, that the time of aſcent of a Pendulum, as well as the time 


of its deſcent, is increaſed by the reſiſtance of the air: But Sir 
IsaA NEwxronx informs us, That the time of aſcent is ſhortened, 
and the time of deſcent, kngthened by ſuch reſiſtance :- nor is it 
difficult, (if it was necefl: 5 confirm his aſſertion by experi- 
went: but of theſe matters more in their proper place. 


— 


228. Se- 


— ain I + 
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228. Secondly 575 That the one pallet cannot IxrRODVe TON 


diſengage itſelf from the Wheel, till the o:ber be- 
gins to act, ſo as to cauſe a recoil, or retrograde 
motion of the Wheel; which was much more 
conſiderable. i in thoſe. ſeapements „than in com- 
n ones. 


TO A RECO1L IN 
— 3 
— — 


229. \ Thirdly. That Ain che progreſſive : 


mation of the Wheel, a ne, Spring is bent, 
that diſengages the pallet from che Wheel, 65 eum 
as the recoil begins. 

230. Fourthly; Tat Sen the wallets is oth 
den from the Wheel, it is — by ano- 
ther ſpring, the office of which, i is to keep, it in 
a certain Poſition, in which the teeth of the 

men may always find it. 
231. F Fifthly, "That. during the retrograde 
motion of the ir heel, thoſe laft mentioned ſprings 


are bent, by which means they oppoſe the aſcent 


ob the Pendulum, and * their nn pro- 
E i 2. The ram WE concerning. theſe paler 
muſe be deferred, till the effe& of a RECO1L in gene- 
ral is explained; to which I now proceed. 
233. I have formerly obſerved; that the 
'DEAD=-BEAT was invented to remove che bad ef- 
fects of a recoil (183); and ſbern; ; that the in- 


fluences of the oil and friction, is greater on pal- 
lets that have a recoil, than on thoſe that have 


none 4x 8 2): I now enquire into the comparative 


Danes "In advan- 


Concluſion de- 
ferred. | 


L 99 


Or A RREcoII IN 
- GENERAL. 


— — 


All pallets 9 - | 
ble totwocLAssss. 


ir avbolly dependi on the ghantity. of retoih inde- 


General uſes of 
the maintaining 


Power » 


IMPROVEMENT: OF 


advantages of the DEAb-BEAT and arGort, when 
netther Friction, nor influence of the oil take place. 


recoil or uo recoil: if the former”; ; they — 
their name from thence: if the latter; the 
balk to the DEAD-BEAT: and thus may al 


pallets be reduced to r.] Ci AssEs c Ah bar I 


am now to obſerve of thoſe invo finds of pallets, will 


apply wiTHOUT EXCEPTION, in a/lthe variety of. 


confiruttions that can poſſibly be: invented; ſince 


pendent of all other eircumſtance. 


235. The action of the Wheels, in all Clocks, T 
PLN to maintain the Vibrations; and: their 


er of Vibrations; theſe 


revolutions, give the nui 


are ends, which the maintaining power muſt 


anſwer in all Clocks; but ſome have attemp ed 


to render the Vibrations more iſochronal, 
giving a recoil; and thus making the action 05 


the Wheels oppoſe the aſcent of the Pendulum 


Uſed by & 580 to 
render the Vibra- 
tions more iſochro- 


nal. 


the former nett andi dimigithes:ds the main- 


at the extremity of its Vibration; and they ſeem 


to prefer this op poſition of the Whcels, to the 
more unalterablè oppoſition of gravity; becauſe 


taining power ; and conſequently, oppoſes the 
aſcent moſt, when it has the greateſt tendency. to. 


PLATE Tl: 


enlarge its lan but this imaginary rennen | 
Fer es, when we conſider, That 53 : 


236. When the tooth O, Plate 5 2. is . 
aged from the pallet C D, the tooth M, will 
drop 


234. All pallets whatever, muſt have ſome 


CLOCK-WORK. 
drop on the pallet H A at F, and as the Pendu- 


lum continues its progreſs, the Wheel will have 


a retrograde motion on the pallet ; ſuppoſe, from 
F to O; it is obvious that the Wheel will pro- 
tte the deſcent and lengthen the next aſcent by 
its motion from O to F; as much as it oppoſed 
and contracted the aſcent by its motion from F 
to O; and thus, zhe action, from O to F, and 
_ the. refiſtance from F to O, do exactly ballance 
each other, ſo far as atlas to the length of Vi- 
1 bration; And therefore, 
2 A RE COIL can have no any a, 
70 dn the length of the V for ations more or leſs 
en: nor to maintain the motion 
238. It is well known that any inareals | in the 
power of gravity, accelerates the motion of a 
ir lg and ſhortens its time of Vibration; 
and that the times of aſcent and deſcent, are 
equally - contracted by this increaſe of gravity 
(17). Hence we. may with truth infer, THAT 


whatever oppoſes the aſcent of a Pendulum, ſhor- 


tens its time of Vibration as much as if it had 
promoted the deſcent. Therefore, any power that 
ou e 18 e and fa the e 


* 5 - - mY 


— — T—— Y —— . — — — _ — 


* The effect 1 friction o on the pallets will be conſidered 4 fully 
hereafter, and ſhewn to be very hurtful to theperformance, eyen 
though it has a n to preſerve the Vibrations more & neatly 
0 an equal length. 


of 


X 
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Or A RREcOIL IN 


GENERAL. 


— 


Can have no ten- 
dency to limit the 
Vibration. 


Nor to maintain 
the motion. 


Effect of gravity 
conſidered. 


62 


Or, A RECOIL IN 
. GENERAL... 


Recoil has a two- 
fold effect on the 
times. 


IMPROVEMENT OF 
of a Pendulum; muſt ee a ponent _ 
on its times of Vibration. | 
239. And thus it appears ec * change, 
in the action of the Wheels, during the time of 


| recoil, will have a double effect in altering; the 


Space deſcribed-as 
the impreſſed force. 


Impropriety of tos 


much limiting the 
Vibration. 


natural times of Vibration (23 8), -withour the 


leaſt tendency to e, the __ rare more 


way (237) T. — <a 
240. If a certain end foree, give: a cer: 
tam velocity, a double force, will give a double 


velocity; a triple force, a triple velocity, &c: and 
the ſpaces deſcribed in equal times, will be as the 
reſpective velocities : _— vt as the relpedtive 


forces impreſſed, ih N nos 
241. Thus if phos Fm 12 velaciry 


92 a has nn be doubled, and. the length = Wer 


rr eee any þ QA BCT W I OS 


— — 


1 Here it is to be obſerved chat any eee with 


gravity, contracts; and the ſame power oppoſed to it, prolongs, 
the times of Vibration. Hence whatever power, acts durin 


the time of aſcent, and promotes it; or oppoſes the deſcent, will 
prolong the times; and this ſhould be carefully attended to : for 


on this principle, the maintaining power may be applied, in 


ſuch manner as either to prolong or contract the natural of 


Vibration. | 

+ If it mould be abt that the ay may ended the times «of 
Vibrations of different lengths more iſochronal, without having 
any. tendency to limit their lengths ; the mode and quantity of 
recoil ſhould be inveſtigated with as great accuracy as the cy- 


cloidal properties; in which caſe it will altogether be unneceſſary | 
| per as to apply the cycloidal cheeks; nor can ſuch an in- 


eſt igation as above mentioned, be made, before each ſeparate 
ect that the application of a Clock has on the Pendulum, are 


accurately aſcertained ; and even then, it is liable to all the 


| plc objections with the cycloidal May ; of which in their 
place. 


0 


1 | bration 


. 
- — = 
—ͤñ—— — * 
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CLOCK-WORK _ * 


bration remains the ſame, the number f 2 Or 4 agg. IN 
| _  brations will be doubled ; but if the length of 
j Vibrations be al/o doubled, they will be 2 
ed in the ſame times, as thoſe x half their length 
with half the velocity; and wniver/ally ; if the 
length of Vibration increaſes, as. the impreſſed 
| force, the times will be equal; and on this ac- 
1 count # would be very improper to give a recoil, 
| on the ſuppoſition that it did render all the Vi- 
= brations more nearly of an equal length *. Io 
242. It may poſſibly be urged by ſome, that Difference in the 
the reſiſtance is greater at the extremities of cy- and Clock pendu. 
cloidal, than circular Arcs; and therefore, that lums. 
no error can ariſe by thus increaſing the reſiſtance 
at the extremities of Vibrations in circular Arcs: 
but let me beg of thoſe to recollect; that al the 
; demonſtrations concerning cycloidal Vibrations; 
1 ſuppoſe, that the action on the Pendulum in its 
| deſcent, is exactly equal to the oppoſition with 
| which it meets in its aſcent ; which is not the 
caſe in Clock-pendulums ; for the velocity in 
their deſcent, is greater than in their aſcent : 
Cs = and that more, or leſs, in proportion to the 
| length of Vibration ; even beyond what Ne 
in Grinched Pendulums. 


— ee on -"* 


A 3 1 — —_ — . | 


* The ſame obiediog, with many others, ſtand i in the way 
of correcting the length of Vibration, by an Increaſe « friction. 
Sep (259, 260). 


243. And 


3 
| 
TY 
* 
SY 
” 
FRE 
: 
8. 
, 
« 


. 
Or A RECOIL in 
GENERAL. 


Properties of the 

cycloid cannot 
with any propriety 

recommend a re- 


coll. 


When too great 
in circular Vibra- 
tions. 


Never to be ad- 
mitted in cycloidal 
Vibrations, 


1 


IMPROVEMENT OF 


243, And though certain erties have 


been demonſtrated of the cycloid ; - 1t does not 


follow, that every curve that deviates from a circle 


poſſeſſes thoſe properties, even when gravity alone 
acts: and much leſs, when any foreign power 
is applied; zherefore, the cycloidal properties in 
detached Pendulums vibrating in a non- reſiſting 


medium; can by no means recommend a re- 


wy ey. thoſe applied to Clocks. 
On tbe whole, 'we may be well af lined. 


chit in all caſes where an increaſe of weight or | 


maintaining power, makes a Clock go — 5 
the recoil is too great: nor can it be ſuppoſed, ; 


that any, who have art enough to make the center 


of oſcillation of a Pendulum aefcribe the true c 
CLOIDAL curve, and faith enough in rrs properties; 
would think of giving a recoil, to correct the 
Vibrations that are (by their hearty already per- 


fe * from which appears the abſurdity ofa apply- | 


ing cycloidal cheeks with a recoil : but of this 


more hereafter. 


— 


- 1 
* 8 3 1 0 
— — 


* As the endl is intended to co-operate with the action of þ gra- 
vity on the Pendulum, in ſuch manner as to render its motive 
force in every part of the Vibration, as the diſtance from the 
loweſt point; the mode and quantity of ſuch recoil muſt be de- 
monſtrated with the ſame certainty, at leaſt, as that of the cy- 
cloid : and I imagine that this will be much more difficult than 


that, not to mention the much greater difficulties of execution 


in the latter, and the uncertainty, r to the r of the 
former when applied to Clocks. | 


443. 1 


l 
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245. I 10W reſume the confederation of. thoſe Or A RECOIL 1N 


PALLETS wherein the friction and influences of tbe uf 


"WF: 


ail have been removed; the reader will pleaſe here Meſſis, Hanzr- 


| and HIN D- 
_— peruſe from Par. (227 to 232). Ants bara re 


246. Let us here admit, that the action of the mes. 


foal wheel ir as uniform as gravity; it has at rn. 
each Vibration ct only to maintain the motion 0 


the Pendulum, but alſo to bend a ſmall ſpring Render the moſt 
(229) therefore, whatever power is neceſſary — — ya 
to bend this ſpring, muſt be deducted from the 
maintaining power: and as all ſprings alter their 
ſtiffneſs by heat and cold; that part of the ac- 
tion of the ſwing wheel, that maintains the Vi- 
bration, can no longer be uniform, than the 
air is of the ſame temperature: and bus, will the 

of Vibration be altered, and the accelera- 
oo effetts of the recoil take place (23 9) and alter 
the times of Vibration : even ſuppoling the cy- 
cloidal properties perfect, and =T — aty of the 
air invariable. Ss 

247. Again; becauſe theſe ſprings that are bent Another defed 

during the recoil (231), are liable to the ſame 
changes; they will produce zh ſame effef?, with 
an equal change in the maintaining Power during 
the recoil (239). And, 
2248. However trifling thoſe articles may at Further conſidera- 
firſt appear, they become of more weight, when 19 8 
we conſider; that they operate in that very part 
F the Check where 4 produce the greateſt poſ- 
rh Meli, on the meafure of #0 time; and that 
: K e 
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IMPROVEM ENT OP 
thoſe M run 1 are ſo ſmall, as d be affefled by the 


leaſt changes in the tempirature\ of the ain; nor 
remedied. by a 


can thoſe: effects be thoroughly 
9 or any other Pendulum, ſince they 


feel ſuch ſmall W as cannot ſenſibl — 


an alteration of one 86, 400 part of the time of. 
each Vibration, will amount to an error bf one 
ond per day; a 6045800 part, in the rimeof 
an pave. to a ſecond. per ron and a 4,5 90, 000 
to an error of one ſecond per month... "7 
- 249. As to the property mentioned in Phil: 
(246), it does not appear to. me that: any advan 
tage is gained by it in maintaining the motion 
of a Pendulum: S Sir — 11d 
eee, he. ſays, If any force 
<<. generates a . e force,. wall ge- 
« nerate double the motion; à triple force, 
<« triple the motion; ar m. that erte be im- 
« preſſed algether and at once, .or gradually 
te aud Jurcceſſroely (237). And ſo far as ns 
the meafuco of og it bobs as will _ 
| 195 "ad. 7 as to the ilctronim bf üs Vi- 
bration, when the dead-beat is applied ; ; I thall 
e e wha; Way; it is frag ro peel the 


* 


: *: 4 


_—_— 
— — —ꝛ — 


_— 


» 1 may be proper —.— here t. to . chat this — 
is preferable to others, wherein the recoil (being undetermined) 


— bear a greater proportion to the angle of Vibration. IG 
| I * . 71 main 


— 
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maintaining power, gradually and, ſucceſſively 3 Foot 
aa e it — more 8 bit EY 
applied nearly at duce; leaving thoſe who better RF 
conceive. the advantages of a recoil to — 8 
inveſtigation when, it is uſed. lan 43% ade 
„261. Iwould 0 be underſtood todepreciate, General remarks 
or totally diſapprove | this ingenious invention: 3 Oy” 
or to aſſert; that no good performance can bs 
obtained when theſe pallets are applied ; on the 

ontrary, I think. them preferable to any that 1 
have yet ſeen wherein the 7 of = oil takes 
place; but a proper regard muſt here be paid to 

what bas been ſaid concerning the diminution o 
the ene of the oil (1640; ek whatever be-the 
cauſe of any change in the maintaining power, 

the effect on the meas ure; of time, will be (cet. 

Par.) as ſuch change, to a whole power; this 
argues for great maintaining e and long Vi- 
i . \ A 4 = | 5 10 : | Be: 

252. it is — ze t at t 4 u E r Inconveniences | 

in pallets, renders the eſtect of the moſt ſing peer ie 


point of view. 


maintaining power unequa (246, 2470; that is 

recoil, increaſes. the effect of- any hack: chang e 

1239); and that an alteration in the ſtiffneſs 97 

thoſe ſprings that act during the recoil, co- 

operates with the action. of the wheels during imer 1110 
fuch, on in altering the times of Vabeation = 4 
(247, N FT „ 
11; $88«::1f naturall ly halls; ; that. hes Goal Concluſion; | 
ths effect of thoſe 1errICTIONs, the per for- 


* K 2 mance 


3 
. 
'£S 
1 
Is 


| Motive for this en- 254. If I have lere 


- 5 
1 
1 


„ rurROvenentTor 
3 wren- mance * Clocks will be improved, by rally"; 7 


dur FRICTION. | 


, them (248). 


pointed the way, to br. 

cher improvement, my end is obtained and 
when it is conſidered, that I propoſe hereafter t 

remove every imperlection 0 far as the nature 

of things will permit; and conſequently, that 
every difficulty and imperfection that I now men- 
tion, de in that caſe, become ſo many weapons 
againſt me; candour will allow, that no other 
motive, than a real deſire of improvement could 
have induced me to this examination. 


Aminati on. 


| Introduftion, 255. Having pointed out the diſadvantages 


of a recoil, and obſerved that the dead beat was 
; invented to remove them, it may be thought ſu- 
5 Perfluous to wy Way: thing 1 more on that head ; 
But, ö 
256. As the imper folliois ts s properie of all 
al 2 become the more obvious of being viewed 
min ee lights ; 1 ſhall nowe eavour to ſhew- 
the advantages of the DRAD- BEAT, in a manner 
different from what I have hitherto done; by 
which it will appear, that rrs comparative ad- 
vantages, to the x CO te principle, are m_ 
than I have hitherto ſtated them. | 
257. When a Pendulum is actuated by the 
power of gravity only, it riſes to the ſame height 
from whence it fell; allowing for the  refotances 
of the air, &c. Therefore, if the action of the 
"wes # in * de N hs a Pendulum be equal to 


the 


> ha 44 1 
1 1a 

\ by "=" % = 

va i 


\ 


oK WO N k. 


the gegen inthe deſcent ani aſcent together”: 
the former will- at eael Vübration; communicate 
as: much motion as the latier Gers... 
258. And the velocity and length of Vibra- 
a6 will continue uniformly the ſame while Fhis 
VVV 
259. If the maintaining power be any how in- 
ſed: or diminiſhed; ſo will the Vibration; till 
the reſiſtances of the air, &c. equal the maintain- 
ing power; arid zhe- velocity "of the Agen will 
increaſe with the power (257)*. Therefore, 
2860. The'deſcents in the: longer Vibrations, 
wil be comparatively quicker than thoſe of the 
ſhorter . (246); in this oy! thai in detached TOW 
mays 4. — 
20561. And fince the Pendulum! in its aſcent is 
not any how connected with the action of the 
Wheels {as with a recoil) it will aſcend agreeable © 
10 the "laws of detached Pendulums; in which 
caſe, Mr. Hoc NS has demonſtrated that 29 of 
the longeſt Vibrations, are equal in time, to 34 


<< 2 


But if we ſuppoſe the maintaining power ap lied in the time 
of aſcent of the Pendulum ; it leaves room'for ſome excep- 
tions. But as thoſe matters are fully explained where I treat 
of watch pallets, I leave the application here as no improper 
exerciſe for the reader's genius and attention; as ſufficient 
data are already furniſhed for the inveſtigation. 

I This, among many other circumſtances, is entirely over- 
looked when eycloidal cheeks: are applied. c 

| ; 0 


. 


on - 69 
DAD Gas! 


FURTHER CONS f- 
DERED, 


Vibrations con- 
tinue equal, &c. 


Increaſe, &c. as 


the maintaining 
power, 


As does the velo- 
city of deſcent.— 


Deſcents quicker 


than the aſcents in 
Clock-pendulums. 


Time of aſcent in 


them, the ſame as 


in detached ones, 
ct. par. 


ED 


„ weren er 
Qn, ebe Gerede ob che pe Pendulum, indepmr 


9 21401 
air. IN . 


(6.3440 Hent- Mee ere the 


be alteratoarin 262. Nowe in Clocks with a br KnrURAx, 5 
the timeof a whole 406 deſcgnt i5quithar (260), and ge a/cent is {lower 


— inch Jang than.on\ the {harter, Vibrations; 


the alterations in;;the time of an afcent t and der 
l | Jen taken tog 


5 8 I rt ae leſs proportion 
ee e change in che lng of. Vibration, than 
eo 1 " tached Pendulums.z; Wbene eng — 
or: gleens and del ingreaſe - or diminiſh 2agerber; 
Das " =y * 263. And thus, does, the dead ent dimi 
5 ae the natural eſfeli obe any change that may. happen 
Aa the length of circular Vibrations ; whether c- 
cafioned.- by an altemtion iii the moving PowWen, 
Pb or in the denſity of the air: Wb 
4564 In all that has heen-faid (from Pat, 333) 
OY meither Friction, nor the; influences of the, ail, are 
ſuppoſed in che leaſt degrec to take place ; nd 
therefore, the deſd they do, the better will the 
theory and practice agree x96 paris err eue 
(x84), chat in pallets where the influence of the 
dil takes place, ſuch influence is increaſed Ry 


ene the time of reſt. 


_ — — „ — gt oo I 


x38 * — here. kt be aid, than 8 1 Frifiien 

| thkes pins the natural times of Vibration; (during the reſt af 

_ thewheel) will be iofluenced #bereby ; but we muſt not forget, that 

ſuch friction, oppoſes both aſcent. and deſcent equally and thence 

Corrects itſelf 4005 fo far as uniform friction only, is conſidered. 
I On this account, the cycloidal curve as hitherto, inveſtigated 
Kauhot haye the delired. elfe On. emer ear br Vith. or 


without, a recoil. 


a> - 5 abs. And 


e SE NW DON H. 3 = 


19268; "And. 2% (18) chat the ſlope,” eZ Dab. aan. 


* ——— ee! 5 
of action in ſuch pallets, fnould, as n as can Maintaining 


be, ſubtend the whole angle of Vibration ; #ich betete, 
—— chat the maintaining power ſhould be 


applied; gradually dn futtefforly, and ahr may 
ſerve us gentral rule, in all Pollert whore oil is 
fed '*.” 1 il OS 


266. But the contrary ſhould be obſerved, of Applied at once; 
fuch Palletb as evt neither” f tr Hon; nor 1 f 17 (fluence 4 
the oil, during the' time of reſt. for by 

the influetices of the Vil, during 5 PAP of as Yom, 
vill be deine tt... 


* 


267. Where the nitintaining power is perfect . be applies. in 
W ier le? and where the Tochroniſm of the AY Yo 


"LY. Bi 241 IA — 


* 
2 p * . 
4 7 4 8 9 1 


c 445 44 


* I mal ſhew hereafter, that 8 the 8 of the oil | 
on the. pallets is removed; the effect of Alteration in the 
Nair Were an the. meaſure of time, will be (c. p.) as 


the = I n 3 to the whole time of Vibration ; 
vr this will n not 0 Where di is uſed to the pallets. 


1 In all pallets where the action of the Wheel is ſuſpended du- 
ing part of the time of Vibration; and where the maintaining nal 
go: 5 is not perfectly invariable; the performance will be im . 
proved by applying the action of the Wheel, in ſuch manner 
| that one (half its exertion: take place in the deſcent, and the ee 
| other in the aſcent of- the Pendulum; for without particu- 
f lar regard to this, the Vibrations of Clock-pendulums, whe- 
ther eircular or cycloidal, can never have their natural proper- 
4 ties (238). This matter will be fully explained and exemplified, - 
when I treat of Watch pallets, ( 1 1 a ſtrict attention to it, 
becomes more neceſſary fe only obſerying," that what is there ſaid 
of the action of the ballance-ſpring, is here to be applied to the 
Action of gravity on the Pendulum. It will alſo 7 it 


| i more advantageous to apply the action of the eels to the 
Pendulum! in its aſcent than deſcent. | þ 


7 mr 7 
ana a 


* 


dee. Vibration (A r), and length of pallets (89) 3. 


Maintaini 
corps MO 269. Is not the Wi n g power ale 


ati but WHOEVER recolle&ts 


Wat 


72 | nn 


Dia- Ar. 55 ie neither influenced by friction nor 
the changes f 7 - oil; 3 ers not, whether 5 
| at. on 


. be applied al ce, ar gradublly hs do not 
here mean, that in fu ich ede manner of. 
che who! | Wege ,nor r do L 1 


SAR ST Fr V ſame 174 + Hun ng one: for ſuch — 4 
| _ | 1 1 Fg K 11 1 pews ap 
268. More 


* agrees with the 33 —— — 


Vveoations on the performance of Clocks conſtructed 


on the principles of the bh fees: heat. wt (gpl ; 
as con- 


„„ 


tive tral yer made Ce, Bing the maintaining power (164), length of of 


probably agree with me; bar no fair —_ 


tive trial has yet bgen made ﬀ. the e of tbe 
recoil and dead-beat.' 


the recoil than PR greater in common Clocks with recoiling hal- 
the dead- beat. 


frequently as 3, 4, or 5; tor? 


Vibration longer 270. Is not the Vibration always much longer 
with the recoil. 


in thoſe common Clocks; than i in theſe conſtruct- 
ed with the dead beat? And 


Recoil pallets 271. Are not the pallets always Niet en 


ſhorts, de. 4vith the dead beat than the recoil ? all which, 
+ ©» © ARTICLES OFTHE GREATEST IMPORTANCE, - have 


hitherto 


lers, than inthe fingſt regulators with a v DEAD-BEAT ? 


— — 


o 
'% 
———— ͤ ũ— — 
— 


© kh 66K. W OR k. 


hitherto (it would appear) been accidental conco- 
7itants of the recoiling pallets ; and every advan- 
tage ariſing from THEM, been imputed to the re- 
coil? whereas, all the imperfections ariſing from 
a contrary practice have as erroneouſly being im- 
Pa to the dead beat. Thus it appears; that, 

272. No comparative trial can be decifive, 
unleſi where the maintaining power, length of Vi- 
bration and pallets, are equal in each Clock “: in 
which caſe, the ſuperiority of the dead beat, will 
become evident: And 

273. If the greater number, and” moſt emi- 
nent of the profeſſion, have uſed longer pal- 


lets with the DRAD-BRAT, than the atcort, they 


73 
De Ab-BFATr. 
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In what caſes the 
advantages of the 
dead- beat will be- 
come evident. 


can beſt align reaſons for ſo doing; for none 
occur to me: nor does, the propriety of imitat- 


ing precedents, in which neither theory nor prac- 


tice ſeem to promiſe any real improvement. 


274. FROM ALL THAT HAS BEEN s alp relative 


to PALLETS, the' CER, general rules may be 


collected. 


That the recoil in pallets, increaſes FA felt of R RECAPITULA- 


any change that may happen in the maintaining © 


power; whether friction and the influence of the 


oil, vo; or Do NY; take place (238). 


That 255 TIT 2 increaſes as ice * Ihe 


35 e 1 85 


* 
— 4 — ä 9 


. 3 Plate 3. Fig 2. 


V That 


* IMPROVEMENT oH 
D, That 7he friction and influences of the ail, do 
1 allo increaſe (cet. par.) as twice the * (178); 


and conſequently, 
- Compared with That ih js advantageous in all caſes 70 amn 
the recoil. 
the recail as. much as Polſible. 15 


That the dead- beat d iminiſhes. the alteration A 
that world naturally happen in the time of Vi- 
bration of a detached Pendulum, from any cle 
in the length of ſuch Vibration (z 62). 

That the influence. of the oil and Om FA 
always leſs on the dead-beat, than on the racai 1 — 
all other circumſtances being alle (181). 9 

That % recoil can have no tendeney to keep | the 1 
Vibrations 7 # erf e od (3 „. 'T here | 


| 15 e to oo RECOIL 3 And 3 : 


De uſe of ſprings in fallets,. tend 10 4 vary 1 the 
maintaining power (246) ; ; and alſo, have the 
; je of A RECOIL (247)3 and therefore, never. 10 
admitted. ; 
275. Having thus 8 that. hs A ber e | 
diminiſhes the natural effett of any change i in the 
length of Vibration; when neither” frition, nor 
- the influence of oil tale place during the time of 
"2 . ,: I now come to ſhew the manner of con- 
8 . f ſtructing pallets, wherein he PRACTICE will agree 
with the rHRORY: and as a ſuperficial view of 
thoſe matters, may leave ſome doubt, whether 
a — of friction on the pallets, s, may not be 
| | hurtful 7 


& 
4% 
5 
1 
17 
* 
2 
\F 


means of which, the p 


CLOCK- WORK. 


75 


tartkut to the performance : that matter ſhall be PairteTs fu- 


confidered in the notes“. 

276. Plate 4. repreſents the oonſtruction of 
fach pallets ; Fig. 1. is a front view of the pal- 
lets and the ſwing wheel : the pallets A, B, C, 


have their planes of action, conſtructed as in com- 
mon pallets: (See Plates 2d and 3d); they are 


ferewed to a hollow brafs cylinder O p, which 
ſerves as 4 verge or axis, and moves on two ſmall 
pivots as common verges do: to one end of the 
cylinder, is. ſerewed, the eruteh F, Fig. 2. by 
lets A and C, commu- 
nicate motion to 5 the endulum, 


— 


11 + 4 5 
x o : , 
* 


ROVED. 


New Pallets = 


PLATE IV. 
| F 16. 2, 


I Ames « are two > means, he whiath the hamh of Vibration in 
Clocks may be altered, independent of the denſity of the air : 


and the effec. whichthe friction on the pallets will haveon the per- 
formance, will in ſome meaſure depend, on which cauſe, affects. 


Firſt, The length of Vibration may be altered in Clocks, by 


akering the weight that maintains the motion; and in this caſe, 
the friction (or total. reſiſtance) on the pallets, c. p. increaſes, as 


the angle of Vibration: on which account the length of Vibra- 
tion, will not bear ſo great a proportion to the weight applied, as 


if no ſuch friction took place. But admitting, that the friction, 


in ſuch caſe, does diminiſn the effect of any alteration in the 


maintaining power: as an alteration of the above kind, can never 
happen by accident: and as every ſuch inereaſe of the maintain- 
ing power, muſt be made witli intent to enlarge the Vibration, 
it follows: that the friction on the pallets moſt; in ſuch caſe, be 
hurthul, as tending to diminiſn the deſired effet?. 

Secondly, admitting the weight that is applied to a Clock, to 
remain invariably the ſame, its effect in lengthening the Vibra- 


tion, will be increaſed or diminiſhed according to the fluidity, &c. 


of the oil; which is conſtantly fluctuating, according to the de- 
2 | 3 gree 
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PALLE TS IM- 
PROVED.., 


F — aw. nos 


Detents, 5 


Their operation. 


3 


either pallets or Pinata, during che 0 
reſt. 9 


IMPROVEMENT or 


277, .d d. ande e, are detents, that more 
concentric to the braſs cylinder, on ſmall axles 


within the cavity thereof, (See Fig, 2.) and — 


the Wheel ſo as to allow the Pendulum to move 
without friction, or influence of the oil, on 


278. 75505 5 hen the W i; 400 70 the pal- 


time of 


ler A, the ! k, N Sor on che en e, and is 


e tO, en Dt 
3 


Seer of heat ad cold to , which' it is men And the effect of 
the oil applied to the pallets, in lengthening and ſhortening the 


Vibrations, has already been ſhewn to bear, to that, on all the 


pivots, at a mean; the proportion of 80, to 1, (176). There- 


fore it appears ; that in this caſe, by removing the friction, and 


eightieth of what they are; where friction takes place: and this 
becomes the more deſerving of attention, that there ſeems no 
other means of removing this evil. b 


It is alſo to be remembered: that as this friction on che nen 
diminiſhes the effect of the maintaining power, in enlarging the 


Vibration (whether long or ſhort) it muſt, on that account alſo, 


be hurtful to the performance (41, 46, 47). Add to this; chat 
it tends to correct ſuch alterations, as happen in the lengib of Vi- 

bration, owing to the different denſities of the air, more than it 
does thoſe ariſing from any other cauſe whatever ; and this is 


hurtful to the meaſure of time, as ſhall be ſhewn hereafter; wheh 


/ a 
44 of * 5 


the different means, by which any alteration in the denſity of the 
air do affect the times of Vibration, are conſidered. ' From each, 


and all, of the above conſiderations it appears; That the friction 


on Clock. pallets can in no reſpe& mend the performance of 


.. take place in Clocks; and thoſe, incurable by any woods means 
than the removal of ſuch friction on the pallets (1.55). wo 


* 
x N F #4... . PIE 1 
1 262 3 * 82 1 ” 8 ; 
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the influences of the oil on the pallets, we . diminiſh. the. altera- 
tions that are ſo frequently occaſioned in the length of Vibra- 
tion, by the influences of heat and cold on the oil, to one 


Clocks; but on the contrary, does by its unavoidable conſe- 
quences, give riſe to ſome of the greateſt cauſes of error, that 


LO C K- WORK. 77 
ſuſpended, while the pallet C, proceeds towards Pan. a al i 
(n) the bottom of the tooth, and returns, r 
direction of the dotted Arc); Joins itſelf to te 
detent; diſplaces it; and tbus receives the tooth 

E on the plane of action; and ſo, maintains the 
motion of the Pendulum; and when the tooth K 

has eſcaped the pallet, C, che tooth m, will drop 

on the detent d, &c. ir 


C 279. Fig. 2. is a ſection of the hollow cylin- Sections, &c, 
; der; (along the line g h) and repreſents the wo 
ak lets, crutch, and axles of the detents. 

F© 280. Fig. 3. a view of part of the cities) PLATE IV. 
| pallets, and detents ſ in the direction of the line gh, 
: Fig. 1 and 2.) and ſhows how the detents are 
: brought into the {ame plane of action with the 
pallets. 1 1 | 

19 2281. Fig. 4. ſhows how the planes of ation 

A and C, are ſcrewed to the pallets: the ſmall 1 
hole in che ſtalk, ſerves to ſerew and n 1 4 [ 
hams ff n | 

282. Pig. 5. eee part of a Wheel that 

will admit of Vibrations of any length. 

2283. Fig. 6. Section of ditto at the line, a b: 

N. B. In all thoſe figures, the ſame mrs refer to 

the ſame pieces. 

284. The detents ſhould "42 fitted very doſe 1 
ly to the pallets, but he contact ſpould not be very giutded againſt, 


ext enſive, leſt the effects of cobeft Ve attraction 5 | Z 
become ſenſible; And, 
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2 IMPROVEMENT OF 
tens, 288. The greateſt care is to be takten, that 
2 neither Fwy nor pallets have _ degree of 
Magnetifin, 4s” mag uit: in. And | 
N . Thus may the friction ans influences of 
the oil, during; oi time of reſt of the ſwing 
_ wheel, . without any of the de/ad- 
vantages that attend the worn of fprings*. . 
287. But though this confiruftion of pallets, 
does much enlarge the Fibration, and diminiſh, 
the natural effect, which any alteratiom in the 
length of Vibration would bes on the meaſures _ - | 
ol time in a detached Pendulum (263) as well 5 | 
as, remove AZ of the i ue . Ol the 5 
Clock (474) 3-it cannot be Seri totally to remove, 
the effect - of every imperſection ob the moves 
ment. Therefore, 


288. I ſhall next deferibe a confruSthe ot 1 1 


pallets, that not only removes the friction and 
"More perfect pal- influences of the oil, during the time of reſt ; 
len propoſed. but alſo during the motion, of the ſwing wia 5 


1 h far as Pen can ay how o inflence the Prat = 


— 


* Such Pall xk fniſhed i in 5 hid year I 76 2 for a Clock which n 
had the honour of making for the KN; for journalizing all the 
changes that happen in he heightof the Mercury in the Barometer, 
Which it does in ſuch manner, that a perſon who has. not. ſeen a 
Barometer for the whole year, may by inſpecting its Dial, know 
_ with the greateſt eaſe and certainty, not only what changes have 
happened in any particular day of that year; but alſo, every one | 
change that exceeds the 100 of an inch, which. happens in the 1 


whole year; with the day and hour, as well as, the Feten, 
manner in which each, did happen. 


| | . "+. of 
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CLOCK- WORK. 


of the Pendulum : theſe pallets, do alſo correct Poier. 1M- 
all the irregularities of action in the main ſpring, 


wheels and fpintons ; or any_other irregularity 

that can poſſibly happen in the movement, from 

any cauſe whatever : though the cauſes of ſuch 
irregularities ſhould altogether eſcape the atten- 
tion of the artificer. 

289. Plate 5. repreſents ſuch a pair of * 
lets, and the fwing wheel; where, 

A, B, C, i IS the wheel, 

D E, the pallets, 

HI, two ſmall weights that are Ged on the 
ſame axles with the pallets, one to each; 
F G, the detents, which are firmly attached 

to each other, as well as to the crutch ; by means 


of, 


as an axis to the detents; and to which they are 
ſcrewed: as well as; L, the crutch, which only 
ſerves to unlock the detent pet, 


M, a weight that exactly ballances the detents, 
and crutch, by means of which, they retain any 
poſition that is given them; n, o, are pins at- 


tached to the Pendulum, (ee Plate 7.) and by 
means of which, the balls I and H, 45 by their 
gravity, maintain 77s niotion. 


290. Plate 6. Fig. 1. ee theſe pallets 


p P P, a hollow cylinder of baſe which ſerve es 


79 


- PROVED. 


PLATE V. 


PLATE VI, 


&c. in the direction of ML: and alſo aufwert 


to che above re deſcription, | 


2 © 


"3 
PaLLETS 1. 
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Fig. 2. a ſection. of the hollow cylinder P p, 
at right angles to its axis ; repreſenting the front 
of the collar to which the detents, or crutch, are 
| ſcrewed. 4] 
fee All the other figures of this Plate, re- 
| 94 ſeparately, the pieces belonging to thoſe, 
pallets ; and are lettered the ſame, as in the fore- 


- - -  Loing deſcription, ; 5 dent WW. the . of the 


pallets; And | 
292. Z, a ſection of halen pieces chat are fk | 
ted into the ends of the braſs cylinder, and in 
which the pivots of the axles WW move; the 


ſmall hole that is next the pivot ſerves occas 


fionally to take this piece, out of the cylinder (into 
which it muſt be very truly fitted ;) the other 
two holesare for pinning it, in its place ; the ſmall _ 
pieces D, F, G, E, (under Fig. 2. Plate 6.) are 
fide views of the lower ends of the pallets and 
detents that are marked with the 20 letters. 
293. Plate 7. Fig. 1. is a front view, of the 
wheel, pallets, detents, and upper parts of the 
bp ering the parts of which that have been 
deſcribed i in the former Plates, are here marked 
with the ſame letters, nor do the pal lets repreſent- 
ed in, this Plate, differ from thoſe in Plates 5 and- 
6. in any other reſpe&, than that i in thoſe the 
15 pallets are Nase over the wheel; anch i in theſe 
under it. 
294. Fig. 2. Plate 7 = is a . view 1775 Fig t I. 
where, V's, repreſent part of the Clock-frame, 8's 


. . "Ou 
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upper part of the Pendulum; to the lower end of Pauuers . 


which, the other part is attached by means of a 
Pears in ſuch manner that each of the ſprings 
N ſhall bear half its weight.—Q, R, are two 
ſcrews that move with the Pendul um, and by 
means of which, the detents F and G ar ter- 
nately e ee, when the Pendulum comes to 
he Sree of its Vibration. 


- The Operation of thoſe Pallets. 


Let us firſt conceive the Pendulum at 
reſt ; and that the pallets, detents, crutch, and 


PROVED, 


pins n, o, remain in the poſitions 1 in whick they 


are repreſented in Plates 5. and 7. 


296. If the Pendulum be moved towards the 


FE = F, Plate 7. the pin, n, will riſe towards 


the arm that ſupports the little weight H; and 


the ſcrew R, 57 be ſo adjuſted, that it will 


unlock the detent F; and allow the Wheel to 
advance at the ſame inſtant that the pin, n, feels 
the weight H: in which caſe, the pallet D, will 
be diſengaged from the W A, and the weight 


H allowed to deſcend with, and preſs upon the 


pin, n; and by this means, maintain the motion 


of the r 


Their operation. 


297. No ſooner does tlie Fedde 0 its 
motion toward F, than the pin, o, is relieved from 


the 8 His for the pallet E, reſts againſt the 
tooth, C and oven the further deſcent of I; 


= * 


— 


V IMPROVEMENT OF 


5 — and thus, the action of the pallet E on the wheel, | 
i = diminiſhes 7s preſſure on the detent F, ſo s to 
I allow it wnlock with the greater caſe, which 
done; the wheel advances, and by its action on 
the pallet E, continues to raiſe the weight 1 till 
the detent G ſtops its motion. 
3 | PLATE VII, 298. And, when the tooth C, comes to reſt 
T on the detent G, the weight I, will remain at 
„ N 2 il the Pendulum comes to the extremity of 
its Vibration towards G; when the pin o, will 
feel the weight I, and the ſcrew Q unlock the 
detent G, and allow the ſmall weight I, to de- 
ſcend with, and preſs upon the pin o, and by 
chat means, promote the deſcent of the Pendu- 
lum; mean time that the wheel raiſes the weight 
H, for promoting the following deſcent. 

299. Thus are the Vibrations of the Pendu- 
lum conſtantly maintained, by the alternate de- 
ſcent of the little weights H and I; and fnce 

5% weights, begin each deſcent from abſolute reft 
Mtionmaintand (298); it follows; that the power, or velocity 
con of eravity, WA, which they are raiſed, can by no means in- 
uence the effet? of their deſcent ; And therefore, 
No irregularity of- 300. However great the irregularities of ac- . ' 
nent, tion, in the main ſpring, wheels and pinions, &C. 
influence the  cobether ariſing from the influences of heat and 
b 1 cold on the metals, oil, or friction, &c. if there 
remain power, ſufficient to raiſe the weights H 
| and I; the maintaining power of the Pha, 
will be as invariable as the natural action of gra- 
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CLOCK-WORK, B; 


PROVED. 


vity : and by that means, all the effects of any Pater u. 
| imperfection in the movement, of whatever kind,. 


are totally avoided *, 5 

301. Nor does any part of the oonſtruction of The pradice 
thoſe pallets tend to diminiſh the advantages * 8 
thus acquired; which muſt be the caſe wherever 


ſprings are ufed (274). 8 / 


302. Though I have hitherto repreſented the 8 
weights H and I, as ſmall balls ſupported by veg. 


ſlender arms; I here take notice, that they ſhould 


be made of bars of ſteel, of the ſame ſhape and 
dimenſions with the Pendulum rod; that heat, 
and cold, may equally affect them, and that the 


| ame proviſion may remove their influence in 


both. py 
303. The only article that ſeems wanting of The only imper- 


ction, in thoſe 


Mathematical accuracy in thoſe pallets, is, that palleu, can have 
any change in the action of the wheels may tend no fenfble effect 


fame precautions are here uſed, as in common 


medium is in each Vibration equal to the maintaining power 


Clocks, having pinions of eight; and the face of 
the detents be made of hardened ſteel or dia- 


EN 


* *. » . wo 
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* Since the Arc of Vibration increaſes, till the refiſtance of the 


(259): it follows; that with an uniform maintaining power, Vibrations 


performed in a medium of uniform denſity, would be invariably 
of the ſame length; in a medium of fluctuating denſity, the 
lengrhs of the Vibration bear an inverſe proportion to ſuch den- 
ſity: and that, in ether caſe; the total reſiſtance of the medium 
to the Pendulum will remain uniformly the ſame. 


2 9 JJ ͤ K T | a \ — = d. Gf 2 
M 2 mond, 


on the meaſure of 


to alter the friction on the detents; but if the time. 


4 84 
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Farther ufe of this 8 . 


conſtr Aon. 
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mond, and the teeth of the wheel of tempered 
ſteel; any effect that can ariſe from this cauſe, 


can by no means become perceptible either in 


the at me of A goes een of time 297 . 


| * Mn CJ 


304. Tapi Cayliigt too ach by n of 
an article that candour will ſcarce call. in queſ- 
tion; and deſpiſe the attacks of prejudice, where 
I have it in my power, to give experimental proof 
of my aſſertions *: but he who produces a more 


perfect conſtruction of pallets, is fully intitled to 


find fault with this; nor ſhall I be — in 
making my onblick- acknowledgments to him 


who at Hur 5 out the d eaſe and its cure, in 
any part of this theory. 


305. It is further to be btw, that by 
means of the ſcrews Q and R, the alterations 
that ans "oe in _ deaf wn _ air _ 


E _ 
- FSI PY _ 4 +4" 1 
1 * 2 * — 
— 
1 — K 
x 


® It is extrenitly eaſy to know the eſe Alt any accidental 
alteration in the action of the wheels, could have on the meaſure 


of time; with ſuch pallets : for if the maintaining power. be de- 


ſignedly altered +, Ty , Or 26, ſuch alteration will produce the 
ſame effect, as if it had been accidental; and as it may be con- 
tinued for any given time, and its whole effect be accurately ob- 
ſerved, we may with great certainty from ſuch effect (if it be- 


comes ſenſible) eſtimate the effects of ſuch ſmaller changes as 


may probably happen in the preſſure of the wheel on the de- 
tents, by the influences of the oil on the pivots.— The reſiſtance 
which ſuch friction makes to the Pendulum, in unlocking the 
detents, may be reduced to any degree at pleaſure, by rendering 
the ball M ſo much lighter than the crutch and detents, that 
their exceſs of weight may be made to co- operate, in any de- 
N with the Pendulum, in unlocking the Wheel. 

1 1 produce 


e Lo GRW O RK. Be 


produce in the length of Vienen . be ac- PAM 
curately aſcertained. : r 
306. I make no farther attempt to improve tr) 1 

the theory of CLock-MovemeNTs ; but now pro- 

ceed to enquire how far tbe advantages. already 

acquired may yet be loſt; and what are the mof 


feftual means of preſerving them. Path BAY , e 


# 


307. Tue THREE: FOLLOWING cauſes may yet 
þ dend to alter the true ine of When in 
j en. ee 
Pirſt, Any change in the elafticiy, or 3 3 
þ the body to bh the Pendulum is ſuſpended. 
0 . The influences of heat and cold on l 
e Pundalum rad. And, N 
lle Thirdly, - alteration in the Sins of Ko 
vit 
7 As thoſe Nane tend to alter the times 
of Vibration, independent of any imperfection 
in the movement; they ſhall be N ſe- 
parately, and in ihe above order. 
309. When the ENTER of MOTION, Or POINT SvsPENsION: | 
of s8UsPENSION of @ Pendulum, is conſidered as 3 
a fixed point; its center of gravity will deſcribe 
a true Aro of a circle, whoſe radius is, the diſ- 
tance of the center of gravity from the point 
of ſuſpenſion. _ 
310. But if the point of ſuſpenſion be any 
hi! at liberty to change its place, the times of 
Vibration ma e be altered. 


311. Example. 


$6 | 1MPROVEMENT or 


e 231k. Example. PLATBR VIII. If a pendu- 


Are of a circle as BBB, whoſe radius is A B; 
but if the 
| bration, ſuppoſe from A, to a, on either fide; 


the center of gravity will deſoribe a different 
curve, as CB C, which may here, for the fake 


of illuſtration, be: conſidered: as a true cireular 


points a, a, and meet in D, which will be the 
center of the Arc GBC; EY conſeq 
times of Vibration in the Arc CBC, 


be the fame, as if D B, was the length the 


Pendulum, and the ns of wh n im- 
moveable. 

EF thus ir 
change of length of the point of ſuſpenſion, will alter the times 


tv body B, vibrate round an immoveadle point 
A r x vim. A, its center of gravity: will deſcribe a perfect 


T4 of ſuſpenſion moves at each Vi- 


9 


. Are: let the center of this Arm be found bh,ůjẽjꝭỹũè 
round the point B deſcribe any cirele, and allo 
round the points C, C, deſcribe Arcs cutting the 
ſaid circle any where, as at the pivots e, e, e, e, 
and, throu h thoſe pointe uf interſectiot 1 draw LETT 
| Hines towards A, and they will pals. through the 


e rb the 


Were, chat gh motion 


of the Pendulum, of Vibration, more than an equal change in the 


length of the Pendulum would. 2 in rbe pro- 


Ferran of A D, to a a. 


Wood whyim- 313. All ſorts of of wood attract hd imbibe 
PO thee” and by this means alter their degree 
Ob elaſticity; and conſequently, if a Penduſum . 


be 


CLOCK-WORK. 97 
he ſuſpended thereto, the motion of its point of Or Tas Sus- 


rm will vary with the elaſticity of the — 
wood; and the times of Vibration will alſo be 
altered (312); and this effect, will always be con- 

ſiderable in the meaſure of - time, wherever the 
Pendulum is ſuſpended in the common manner, iN 
or is any how dependent on the caſe; for its ela- | 
ſticity is liable to change by every change in the | = 
moiſture, &c. of the air. W 
314. The changes that happen in the weight Further ceaſons. 
of the cafe, will alſo concur with the tormer, 1 in 

eltering the times of Vibration: for it is certain, 

that in moſt Clocks, the caſe, &c. are moved by 

the Pendulum at each Vibration ; and it is no 

leſs certain, that the fame power will move a 

lighter body (cet. par.) further than a heavier ; 

therefore, the w the Clock-caſe, the ſhor ter 

ſpace will the Pendulum move it; and thus, wil! 

any change in the weight, as well as elaſticity of 

the caſe, alter the motion of the point of ſuſpen- 

fon, and e the times of Vibration 


Grey. 8 


* "Ou . * 0 — ” * 


Were it neceſſary to atisfy the reader, that the caſe and 
Clock are generally moved by the Vibrations of the Pendulum, 1 
would recommend to him the uſe of a ſmall pamphlet, by Mr. 

FJobn Ellicott, intituled; An account of the influence, which two 

Pendulum Clocks were obſerved to have upon each other, Sc. 

And of Hugens's Horologium Ofc, pages 18 & 19. in each of 

which he will meet with inconteſtible proofs, that the point of 

Oy. is is not fixed, but moyes with the Pendulum. 


31 5. What 


8 


1  IMPROVEMEN'T.'OF 
10 
| 1. Ee „ Ot 5. What is above ſaid of wood, is apÞli- 


— alle! in a leſs degree to brick, freeſtone, or any 
Brick and rod. ſubſtance. that imbibes We "1 E 2 and for red 
mms: to. reaſon; RAD, and MarBLE ſeem the fitteſt ſub 
2 F P fances for ſuſpending Clock-pendulums to : and to 
bet, render ſuch fuſpenſion perfect; a block of either, 
os of at leaſt 4 or 500 weight, ſhould be built as 

compacth ** poſſible in à wall, and the Pendu- 
lum — near its middle; foo by this means, 

. _-— the point of :ſuſpenfion' would be rendered much 

more immoveable, and the times oe Vibration. 

5 more ifochronal (31 2). i | 

1 De influences of HR wh bade on the. [ WI 

m—_ LUM ROD comes next in cburſe (308. 

319. In all that has been hitherto ſaid; the 

Eg of the Pendulum has been conſidered as 

| invariably the fame, bu? tbe contrary happens in 

Practice: for beat dilates, and cold contracts 

all metals; by which means, 2he ame Heels 

is longer in ſummer than in winter. : 

317. Various expedients have been thous ht 

of for correcting this imperfection; all of which 

that occur to me, except one, depend on the op- 

poſition of expanſion, to expanſion; in ſuch 

manner, that the one ſhould ſhorten the Pendu- 

lum as much as the other nent: it : and 
8 the contrary. Ne, 

um . 3x06. The on method that does not dex a 

upon the above principle, is by making the Pen- 

dulum rod of the ſtraighteſt grained wood; rhe 


longitudinal 


C'LOCK-WORK. 


longitudinal expanſion of which is ſo very ſmall, 
that it anſwers ſufficiently for ordinary purpoſes, 
and is equal to any other, in Clocks wherein the 


E. of the oil take place on the rigs (193, 


106) *. 
I 2 78 All the ways that have been, or can be 
ale for applying the expanſion of —_ may 
be reduced to two general CLAssESNH; namely, 
320. Such as po; or Do xor; nove with the 
Pendulum 1 
321. Thoſe that do not move with the Pendu- 
lum, are either attached to the frame, or caſe of 
the Clock; and ſo conſtrued as to raiſe the Pen- 
dulum-ſpring betwixt two cheeks juſt as much 
as the whole rod is lengthened ; and the con- 


trary; by which n the diſtance of thoſe 


"HE 


89 
InFLUENCE or 
HEAT AND COLD 
ON THE PENDU- 
LUM ROD. 


— 


Tiermotnetert all 
reducible to two 
CLASSES. 


Namely, 


Of thoſe that * 
not move, &c, 


If I was to adopt any principle or contrivance, on the re- 


putation of its inventor, it would be this; it being invented, 
and often applied with good ſucceſs, by my late Noble Patron 
 AxeniBald Duke or ARGYLL, SP] ſuperior abilities and 
penetration, might with many, juſtify a conduct in direct oppo- 
ſition to thoſe rules which HE conſtantly obſerved in philoſophi- 
cal enquiries: and if the fulleſt conviction of His abilities; 
joined to the moſt grateful ſenſe of that goodneſs, to which, 
(under Providence) I may juſtly be ſaid, in the firſt place, to 
owe every bleſſing which I do, or can enjoy; are not arguments 
ſufficient, for adopting without further inquiry or experiment, 
a contrivance worthy of the greateſt philoſopher of his age : 

ſurely none other have reaſon to imagine that any indignity is 
mined when the merits of their 1 inventions are minutely « exa- 
mine 


. — 


. Sacks 


* 
2 2 
2 


99. 
InxFz veENcCE OF. 
HEAT AND COLD 


Inconvenjence. 


Ditto. 


IMPROVEMENT OF _ 
cheeks from the center of oſcillation, is role 
_ preſerved the lame. 
322. Here it is ta be whbxred, chat as the 
ſpring i is to move freely up and down, between 
thoſe cheeks, it is apt to have ſome ſhake in its 


Vibration, which is no deſireable circumſtance 


where great accuracy is required. 


323. Secondly, That every change in che tem- 


perature of the air, that infſuenoes this Thermo- 


meter; alſo alters the length of that 
Pendulum · ſpring that acts in the 


nſequently its fliffneſs will be altered, which 


of the 
1bration : 


co 

will vary the time of Vibration (137). 
324. Thirdly, Sincethis Thermometer remains 

in its place without moon, any change that hap- 


pens in the temperature of the air, will not 
affect it, /o ſoon as the Pendulum rod; which is 


in conſtant motion, and by that means, making 


continual ap pproache to particles of air, whoſe 
ave undergone no change from 


temperature 


their former propinquity to it; or if they have, 


Immoveable ther- 
mometers too ſlow 
in their effect. 


* 


again recover the fame temperature, before 
e return. of the Pendulum rod: and thus it 


appears, 


325» That any Thermameter that is I110Ve- 


able, can never be ſo ſoon influenced by the changes 


of * and cold, as. the Pendulum rod: and 
therefore the evil muſt take place for ſome time, 


before the remedy is applied; this is univerſally 


true of al the T hermometers of this claſs (321). 


326. How 


of 
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326. How een, is be dig in FR Mnxcu- Hagar Pexpv. 
RIAL PENDULUM ? for as the cylinder of Mr. 
cury moves quicker through the air, than the 
mean notion of the Pendulum rod, iT will be 1 POTN 
ſooner Jeated and cooled by the air, than the Pen- tum tos quit.” 
dulum ro; and if we add to this, that no body 
ir nature of che ſame denſity is ſooner heated 
and cooled than Mercury; it will appear that 
this Mercurial Thermometer, is as much too 
quick, as the other is too ſlow: Ane conſequently, 
327. That neither the Mercurial Pendulum, And neither, can 
(: 326) nor any Ther monte? that does not mode with agar ry 3 
he Pendulum (3 25), can have a erfect effect. 
328. From what: has beers ſaid it appears, that Properties nicer 
in order to make a — . m n 
perlys, it ſhould be: made of che ſame: metal with 
the Pendulum: rod: (326 

3290. Secanilly, It hould confilt of bars of the Ditto. 
ee Siinetifiond witty the Pendulum rod; 
and eachof its parts; ſhould ine every veſpect have 
the ſame expoſure to the air with een 
ing parti of the Pendulum rod. 

330. Aud laſtiy, Each part of the — Ditto. 
meter ſhould be extended, or compreſſed, with 
the very ſame degree of power with which the 
correſponding, part of the Pendulum rod is ex- 
tended or compreſſed: nor can any Ther mome- 
ter ever perform, to the utmoſt eracineſs of” which- 
their nature aumits; without very: particular re- 


5. x ws gard” - - 
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The gridiron and 
Mr. Ellicott's beſt, 
on thoſe accounts. 


Its general prin- 
. 5 " He to exceed that of: ſteel, 
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| gard. is paid, to cach of the above arcdekes ( des to 
330. 8 

3 37. The dan „ "on Mr. Ni 
LICOTT's, correſpond with thoſe particulars more 
fully, than any other conſtruction with which I 
have met; on which. account, I ſhall | attempt a 
more particular examination of them; and to 
the beſt of my judgment, point out the advan- 
tages and imperfections of cach: ſo far as it can 


tend dert en ee ag. 13 110 of þ Nin ns 
r | 
0 5 the Gridiron Pendulum 9. 
3 91 


33 — The een . braß, i wor = 


proportion of 5 to 3; on W N fappſition; if 
any piece of ſteel by the application of a certain 
degree of heat, expands 2 of an inch: a piece of 
braſs of the ſame length will, with the ſame heat, 
expand + of an inch; and; ſince the whole 
length of braſs expands = — and the expanſion 
through the whole is. ſuppoſed uniform; if it be 
divided it into ROY 1 ch en * have 


4 8 
—— _ _ „ 


— 


1 Is may- ſeem unneceſſary here to Ws. 4 that Mr. John 

Harriſon | is generally reputed: the inventor of this ingenious con-- 

trivance; and that, if Mr. Ellicott's name is oftener mentioned, 

in deſcribing the following invention, than Mr. Harriſon's, in 
this; it proceeds from no partiality: but becauſe Mr. Elli- 
cott's nn is known my by his name, 
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expanded —— of an inch; therefore if we take Or THz Pexou- 


away 2 of i its whole length, the expanſion of the — 


remaining 2 + will be = of an inch: but the ex- 
panſion of the whole bar of ſteel, is alſo of 


1 © 


an inch (by the hypotheſis), therefore," the ex- bie 1 
panſion of a bar of ſteel, is equal to the expan- wires. 
on of a bar of braſs of its length. And uni- 
W tt 
333. When the length of the bars, is inverſely 
as the expanſion of the relative metals; the whole 
expanſion in each bar, will be equal : and con- 
n may be applied to ballance each other; 
this being the foundation of the gridiron. I now 
come to the application | 
334. Let AB Fig. 1. Plate 9. repreſent he PLATE IX; 
length of any given Pendulum to which a grid- - Fi. 1. 
iron is to be applied; biſect AB, in C, and make 
B D, D E and E F, each equal to A C or CB, 
thats AF, will be to B F, 8 "is, H G,) as 5 
to 3 therefore (332) if A F be ſteel, and H G, 
braſs, their expanſions and contractions with any 
degree of heat and cold will be equal: and if G 
H, be firmly attached to AF at their extremity 
FG; and A F be ſuſpended by the point A; 
AF, will expand upwards, as much as G H, 
does: downwards ; and the points A and H will 
always keep the lame diſtance from each other; 
conſequent! 1 


2 


335. If 


venient lengths. 
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| caange of beat ard: cold; And, thus 


The bars may be 
cut into any con- 


4. 


Thebraſs to expand 
upwards, &c. 


PLATE IX. 
IIuſtration,. 


the inconvemencies. of having g any 
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335. Tf « Pendulum: bo confru8ted whoſe po ind 
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of 2 ſpenfron i is A, and its center of ler H, 
it can neither be lmgthened nor ſhortened, by w_ 


33. It appears (3 34), chat whatever be the = 
length of a Pendulum; three half lengths ef 
ſteel, and as much of braſs, muſt be added, in 


order to have as much expanſion upwards as 


downwards: and: when the whole: length of: bars is 


thus aſcertained;. they may be cut into ſuch ſeverab 
lengths. as may beſt ſais the purpoſe, and evade 
part of them 5 


men Pendulum 
337. Always obſerving; has the expanſion of 5 


ky the: ; fleel-tend downwards; andi that of the braſs 


upwards; in which caſe, they will: ballanee 
each other, without: regard to: the number of 
piecesiinto which: they are eut; for the effect of 
the: wliole, conſiſts of. the effects of all its Ow; 


Therefore, 


338. 15 che ſteel bar A E, Plate IX: Fig. 1. 


to ent into _ _ bare ar and hs men, 


7— 2 


IS 


1 
gy wo 


* 4 is to be obſerves. that the . Re which the 


length of the Pendulum is adjuſted ,, ſhould act as near as poF- 


ſidle to the center of gravity-of the ball: by hich means an 


expanſion of the ball can no ways alter the diſtange of the cen- 


ter of: oſeillation from the point of” ſuſpenſion: and this may 


port the ball. 


be effected by means of a long ſocket attached toi the nut at 


the bottom of the Pendulum, and paſſing up through the ball, to 


its center of gravity; WHERE, it muſt act on the ſcrew, and ſup- 


bar 


pears by inſpection that the correſponding bars 
on either ſides the center, co-operate in fuch 


CLOCK-WORK. 


plied and connected with each other, as in Fig. 
2. the braſs will expand upwards as much as the 


eel does dewards, and the center of oſcillation B, 


always keep the fame diſtance from A, the point 

of ſuſpenſion ; nor will the expanhon of the little 

croſs pieces that conne& the bars, be of any ef- 

fect, it acting laterally only, © 

os. 195 Though in theory five bars only, are neceſ- Why wore wires 
fary for conſtructing a gridiron (338); nine are ten? in ey, 
re 1 in pructice; in order that the bar to 

whic the Pendulum is immediately ſuſpended, be 

ny ſupported on each fide : to prevent ſuch 
tremulous motion or bending of the bars, as might 
otherwiſe take place; See Fig. 3. where it ap- pLATE IX. 


manner, as to move both ends of the croſs bars 


equally, and by that means, prevent fuch bending ' 


the weight of the ball B; nor do tho 


of the upright ones, as muſt otherwiſe happen by 
5 addi- 
tional bars, rhus applied, any how increaſe the 
—: a TRE 
340. Fig. 4. repreſents the manner of con- 


8 necting the bars in a gridiron; and is drawn of 
the fize commonly uſed for royal Pendulums; 


the bars could not be repreſented here at full Drawing at full 
length, and are therefore broke in the middle; ö 
the letters with which the round bars are marked 
ſerve to denote the metal of which each is made; 

—— „„ 5 and 
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Two ſprings beſt. 


Croſs bars, 


How the 


is adjul 
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ad that part of the middle rod which 1 above 
the piece E. ſerves only for keeping the three 


bars on cach {ide thereof, in the ſame plane \ with 
the two outſide ones; it alſo anſwers a like pur- 
poſe at the lower end of the gridiron, ney rs 


pin d in the croſs piece E, only; and moves freely, 


_ but without ſhake, in 1 17 pieces C, D, F and G. 


341. I have always prefered the ſuſpenſion 
by two ſprings, to that with one; and have here 


repreſented, zhe piece to which the Rerings are at- 


zached, together with the piece C, to which 17 is 


ſcrewed, in ſeveral different views ; all the other 


croſs pieces, are allo repreſented ſeparately, and 


marked with the lame Wer as in the Pendu- 


IE; + 


342. The an — 4 or wires, are gene- 


rally connected towards the middle by one or 
more croſs pieces, that ſerve ſtill further to pre- 


vent any tremulation that might ariſe from their 


elaſtic flexibility; thoſe pieces are pin'd to the 


two extreme bars, and allow the other ſeven to 


idiron 


move freely, yet without ſhake, in their holes. 
In all that has been hitherto ſaid, zbe 


expanſe of braſs has been ſuppoſed to bear to that 


e, teel, the exaci proportion of five to three; and 


that all dimenſions have been accurately laid down 


agreeable thereto ; but, leſt on trial, the con- 


trary ſhould appear, the gridiron may be adjuſt- 
ed, by ſhifting the croſs piece F, upwards or 


downwards, for en purpoſe, ſeveral holes 


arc 


— 8 
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are made in the upright rod, that correſpond On: THE Prxpu- 
LUM ROD. 


exactly with thoſe in the piece F. See Fig. 4. 9 
N 344. It is further to be obſerved in conſtruct- Round wires bet- 
jt ing gridirons ; : that round wires are much pre- cen in 8 

ferable to ſquare bars, even in theory, and inde- 

pendent of all practical advantages; as there is 

a more equal and free admiſſion of air to each 


wire; in order to promote which, the wires 

5 

= ſhould never fland cloſe to each other ; and thus 
it appears: 


345. Tnar gridirons compoſed of quart bars, And hollow cylin- 
cloſely fitted to each other, do in ſome degree {fs wore © 


ſquare bars. 
e of the inconvenience of immoveable Ther- 


mometers (325); though not to ſuch a degree, 
 @5 where hollow Oingers are uſed. 


nat oben to. the theory of Mr. ELticorT's 
PaNDULUM, the de ſcription, &c. of which are here 
given in his own words. 
46. Plate 10. Fig. 1. repreſents the Pendu- Mr.Ellicot's Pen- 
lum : in which a b, is a bar of braſs made quite 5 
faſt at the upper end by pins, and held conti- . 
guous at ſeveral equal diſtances, by the ſcrews 1, ä 
| 2, &c. to the rod of the Pendulum, which is a 
| bar of iron; and fo far as the braſs bar reaches, 
is filed of the lame ſize and ſhape, and conſe- 


quently does not appear in the figure; but a 
little below the end of the braſs bar, the iron is 


left broader, as at dd, for the conveniency of 
| fixing the work to it, aud 3 is made of a ſufficient 
O length 
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———— dulum to c. The holes 1, 2, &c. in the braſs, 
Mr. Ellicott" Y Pen- through which the ſhanks of the ſcrews paſs 
dulum deſcribed. into the iron rod of the Pendulum, are filed as in 
the drawing, of a fufficient length to ſuffer hs 
braſs to contract and dilate freely by heat and 
cold, under the heads of the ſcrews; e e ee, repre- 
fent the ball of the Pendulum ; f f, two ſtrong 
pieces of ſteel, or levers, whoſe inner centers, 
or pivots, turn in two holes drilled in the broad 
part of the Pendulum rod, and their outer ones 
nin a ſtrong bridge, or cock, ſcrewed upon the 
fame part of the rod, but otninted i in the draught, — - 
| becauſe when put on, it covers this mechaniſm ; 
gg are two ſcrews entering at the edge, and 
reaching into the cavity near the center of the 
ball. The ends of the ſcrews next the center, 
are turned into the form repreſented in the 
drawing, which, preſſing with the weight of the 
ball againſt the longer arms of the levers, cauſe 
the ſhort ends to preſs againſt the braſs bar at b. 
Le. Things being in this ſituation, let us ſuppoſe, 
that the rod of the Pendulum, and the brafs an- 
nexed to it, grow longer by heat, and that the 
braſs lJengthens more than the iron of the ſame 
length ; then the braſs by its exceſs of dilation, 
will preſs the ſhort ends of the levers downwards 
at b, and at the ſame time neceſſarily lift up the 
ball, which reſts on the long ends of the fame 
levers at f F; to any proportion neceſſary: and 
* 
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provided the ends of the ſcrews do preſs upon On 7 


the levers at a proper diſtance from the centers, 
the ſaid ball will be always kept at the ſame diſ- 
tance from the point of e ge, notwith- 
ſtanding any alteration the r 


ao 
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1 2 


Mr. Ellicott's Pen- 
dulum deſcribed. 


of the Pendulum 
may be liable to from heat or cold. What this 


diſtance ought to be, may very nearly be deter- 


mined, if the difference of expanſion between the 
iron and braſs bars is known; for the proportion 
the ſhorter arms of the levers ought to bear to 


the longer ones, will always be as the exceſs of 


expanſion of the braſs is to the whole expanſion 
of the iron, as may be thus eaſily demonſtrated.” 
Plate 10. Fig. 2. © Let the line a b, drawn 
perpendicular to the line e f, repreſent a bar of 
iron; the line e d, a bar of: braſs ; the pricked 
line b g, the expanſion of the iron bar by any 
particular degree of heat ; the pricked line d h, 


the expanſion of the braſs bar by the ſame &- 


gree of heat; let the line g i, be drawn parallel 
to the line e 15 then will i h, repreſent the dif- 


ference of this: expanſion $i the two metals: 


through the points h, g, draw a right line cutting 


the line e f, as in k; this line may be ſuppoſed 
to repreſent. one of the levers turning upon its 
center at g; h the point where the braſs bar 
acts on the ſhorter end of the lever, and k, the 
point where the ſcrew acts upon the longer end 
of the lever, which being the place where it in- 


FLATE'X, 
| FIG. 2: 


terſects the line e f, it is evident the ball of the 


„„ Pendulum 


; 


— 140-45; pooh 
; OF. < 
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—— it would have been depreſſed by 10 expanſion of 
Mr.Ellicore's Pen- the iron; but the triangle i h g, äs ſimilar to the 


dulum deſcribed. © triangle b gk; and therefore, as 1 h, the excels of 
_the expanſion af the braſs, is to b g the whole 
expanſion of the iron, ſo will h g, the ſhorter 
arm of the lever, be to 8 k, the lon ger arm of 

the lever, Q. e. d.. 


PLATE X „ At c, Fig. 1. is placed a ſtrong double ri 

| whboſe ends preſſing againſt the under edge of 
the ball, hinder it from bending the braſs bat 
by its forcible motion thereon, at the point b, 
which, when the ball is of a conſiderable weight : 
it might otherwiſe be very liable to do. Ihe 
deſcription here given is exactly agreeable to the 
original contrivance: and the only alteration 1 
have ſince made in it, conſiſts in placing the 
* · 85 wigun the oa: of the Pendulum.” 


7 


3 47. 7 ſhall not attempt any further ws 
lion of the above contrivance, which its author has 
deſcribed in a very clear and diſtinct manner; 
wa nor does any error appear to me in his demon- 


ſtration, if the ſuppoſitions on which it is partly 


CharaRteriftick of founded are allowed ; but it is neceſſary, not only, 
true demonftra= that all e ee demonſtrations, be founded 
on data that are ſtrictly true ; bur alſo, that they 
comprehend every circumſtance that can any 
how "fe the reſult ; in which caſe only, the 


theary. and pragtice can wr; 85 


348. k 
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348. It is obvious, that the above demon- Os Tar funpv- 
ſtration ſuppoſes the Pendulum rod perfectly in- — root PY 
flexible, and that all tbe parts move without Frie- Mr.Ellicott's pen- 
tion; in which caſe, the ef e muſt be. _- e 
12 5 ſmooth and uniform: But 

If the Pendulum rod be in any degree 
Aexible, and friction take place in any part of 
the contrivance, the operation cannot be per- 
fectly ſmooth, and he irregularity of the mo- 
tion, will increaſe With the friction and Hexibi- 
| 727 5 of the rod. Example. . 
350. If two rods of different matidle * firmly Illustration. 

atractiod to each other at one end, but at liberty 
to move freely and without reſiſtance on each 
other, towards the other end, they will expand 
and contract uniformly and without the 8 
tendency to bend: as in Plate 11, Fig. 1. 8 

351. But if thoſe rods be connected with N 
ceach other, unt only at their extremities, but 

alſo at ſeveral intermediate ſpaces; and have dif- 
ferent expanſions, they will form themſelves 
into a circular Arc, as in Fig. 2. Plate 11: and 


the reſiſtance which thoſe elaſtic rods make to the 


bending, increaſes as the Spaces 1] which they 
are bent. Therefore, 


352. If ſuch rods be firmly 1 1 to each 
cabs, at one end only; and by a limited power at 


tbe other; they will, on any change of heat or cold, 
continue to bend, till the ſtiffneſs of the rods 


(351) does ſomewhat exceed the * limited 
| Power 


Objection. 
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lyrLvees or pomer 101th which | they ure connected; at. which 
— period; the rods: will ſuddenly flip on each other 
Far Ellicott's Pen- a become ſtraig bt 3 this Bmited power being 
eee . longer able to Sean the rell hne of the 
TE. rods : — thus will they bend, and move alter- 
nately, by means of the changes of heat or cold; 
and the ſpaces to Shia they bend, will always 
depend on the proportion which the limited 
P. chat connedts the rods, bears to their 3 
ne 
PLATE XL. 353. Let t two fuck hay be cabended; a1 at one 
9,01 end,:and; a weight 2 applied to the other, as in 
Jerks rendered Fig. 3. Plate 11. And this weight, as well as the 


more minute and 


frequent. 5 Ai by af of the rods, will tend to 1 their bend 
ning, and the oppoſition which ig makes, increaſes 
as ibe venſad fine of the Arc into which the rods or 

bars are bent (Sec the dotted lines in the Fig.) 

and the application of this weight will render the 
2 46 and more frequent ; ſo as Fore 

nearly to approach an uniform motion. 


Application of the, 3 54. Now if we conſider 2 
preceding theory. 


friction on rol 
the FR of ſuch. a Pendulum as repreſented in 
Plate 10. as a limited power, that connects the 
lower ends of the braſs and ſteel bars; for they can 
have no relative motion till this ian is Oover- 
come) the bending of the rods will (cet. par.) be 

rtioned to it (352, 353); ſo that by dimi- 
Cera ſpring] 3 niſhing the friction, the motion is rendered mcre 
8 855 um form; of which, the ingenious inventor, was 


8 S* 
2 2 * 

- 2 
N . - bd . 1 * . 
. | 12 : , 

þ 7 1 + 5 
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altered, by ſuch adjuſtment. 
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fo well aware, that he judiciouſly applied the 


double ſpring below the ball. i 

355. But this ſpring ut not ſuſtain the whole 
weight of the ball; and therefore, though the 
friction may be very much diminifhed, it can ne- 
ver be totally removed by the application of a 
ſpring; nor can we be abſolutely certain that the 
ſcrews g g, Plate ro. Fig. r. beat equally on the 


levers; if they do not, it muſt incline the ball to 


one fide, ſo as to rub at the upper part, againſt 


the bars; which will generate a friction of ſuch 
a nature as muſt ever be attended with jerks *. | 


356. Since the friction on the levers is at leaſt 
nearly uniform, and the reſiſtance, which the 
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Mr. Ellicott'sPen- 
dulum examined. 


Friction cannot be 
wholly removed 
by the application 
of a ſpring. 


weight, and ſtiffneſs of the rods make to the 


bending, is of an accumulating nature (3 5 2, 


353); it follows, that when the rods are ſtraight, 


—_—_— 


In ſome caſes, friction generates friction; as when a wetted 
finger is moved forward along a ſmooth table, as repreſented in 


PLATE X. Fig. 3. it will always move by jerks ; but if 
moved backwards, it ſlips ſmoothly: the cafe will be ſomewhat 


fimilar here, if the levers ſhould not bear an equal preſſure 


from the ſcrews that ſupport the ball.—In a Pendulum which I 


have now making, with the improvements here propoſed ; the 


ſpring which ſuſtains the ball, is made of a helical form (like theſe 


in ſmall portable ſtill-yards,) ſo that it moves with the greateſt 
freedom, and by means of a ſcrew at the bottom of the ball, 
(within which, is the ſpring): its action may be increaſed or 


. diminiſhed at pleaſure, fo that the levers ſhall ſuſtain any aſ- 


figned part of the weight. In it, I have alſo ſomewhat altered 
the manner of adjuſting the levers from that in Mr. Ellicott's ; 
by which means, the length of the Pendulum is leſs liable to be 


the 


20% 14 % 11% K O, E 0 KN N 0 FE. it 
Ixz.v8xce or the reſiſtance to the bending totally ai 3 nor 
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J can it be ſuppoſed to take place, before the rods 
_ Mr. Ellicott's Pen - are ſomewhat. bent; nor will the bending ceaſe, 


® + On" ol rhe; refiftance i 55 much increaſed, as to ex- 
K je LE muſt take . ceed the friction (354); Foplequenty while there 
_. 1 a... friction, there mult be a ben ing, and this 


: e TPO bending muſt produce an irregularity i in the mo- 
| Ht tion; which, however ſmall, or imperceptible, 
3 | i it may be to our fight, in any experiment, muſt 
Av ſitill render the effect leſs perfect, than if the mo- 
tion was more uniform; and therefore, ſuch a 
conſtruction as does not admit of a probability of 
. fuch irregularity of motion is certai Wy to be pre- 
. ferr ed “. 55 
357. Having ee to Point out the 
Propoſe for reme- chief inconveniefſices, that I jzwagine Mr. ELI 
dts. inconve- COTT'S. Pendulum in its preſent [ ite. liable to; ; 
 niences, e. I ſhall next endeavour to obviate hem, or any 
others that occur to me, ſo as to give rr all thoſe 
advantages of which the conſtruction ſeems 
peculiarly ſuſceptible : nor have I the leaſt 
doubt of HAIR. with His. eee, 6 ff. 1 


— 


* It i iS probable that any improvement of Mr. Ellicott's s Pen- 
dulum beyond its preſent ſtate, might anſwer no great end in 
improving the performance, while the influences of the oil, or | | 
any other imperfections of the movement, can tend to Ard 7 \ 
the natural tendency of the Vibration: but when all thoſe evils : [ 
are removed, theſe merit attention; and the effe& of re- 


moving them will, I doubt not, then become ſenſible in the | | 
p< -rformance A : 


8 


CLOCK-WORK. 


Iog 


| ſucceed in the improvement of a contrivance On Taz Penvv- 


which Hx fo candidly laid before the public; nor 


LUM ROD. 


| Wk FORE | 
I 


do I imagine that malice itſelf, can conſtrue this Mr. FEllicot'sPen- 


examination into a breach of friendſhip, when it is 
declared that my approbation of the contrivance 


induced me to it : and if I ſpare not the inven- 


tions of thoſe whom the public efteem ; and 1 
always wiſh to reckon among the number of my 


friends; it proves, that I adbere to my reſolu-. 


tion of preferring demonſtration to opinion; and 
that no diſreſpe& is meant wherever the one is 
op . to the other. 


If three bars of en (one of braſs and 


two 2 ſteel be firmly connected at one end, and & 


held together by any determined power towards 
the other end; any increaſe of heat will expand 


the braſs bar more than the ſteel ones; and if 
it were connected with one of the ſteel bars only, 


_ would be bent, as in Fig. 2. Plate 11. but 
ere, it being connected with a ſteel bar on each 
f =” they endeavour, by means of the limited 


power which connects them, to bend it; each 


operating its own way, by which means the 
counteract and deſtroy each other's effect, 

that no bending can in this caſe take place: but 
the leaſt change in their expanſions, will alter 
the relative poſitions at their extremities, and the 


motion will be uniform and regular, unleſs the 


reſiſtance be ſo very great, as actually to com- 
preſs or retch the bars, which I am apt to be- 
% P lieve, 


dulum examined. 


Three bars of 
metal applied, 
Ce 


O No bending. 
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"_ 


Mr. Ellieott's Pen- 
dulum examined. 


* 


How the three 
bars are to be ap- 


plied, &e. 


nor is even this 
of notice, when we recollect what is faid in 


Further cautions, 


e 


IMPROVEMENT OP 

eve, can never be the: cafe in a Pendulum that 
is executed with diſcretion. Therefore, 

359. In Pendulums with levers, two bars of 
ſteel and one of braſs ſhould: be uſed, as repre- 
ſented by Fig. 7. Plate 1 r. the ferews that con- 
nect the Burt, are made to allow the one of braſs, 
to move freely between thoſe of fteel 5 and the 


rods are kept at: a {mall from each other, 
ſo as to give @ free admiſſion of the air to tbe 
braſs bar, that it may be heated and cooled at 
the ſame inſtant with the fteel ones; which muſ 
have a more perfect effect, than where the braſs 


is affected by its communication with the ſteel : 
circumſtance unworthy 


paragraph (248). 
2 vrhat is above ſaicl ( 3 58), it might 


at firſt fight be thought, that, with this addition, 
| little or no regard needs be paid to the quan- 
ares friction : or whether the levers. bear an 
weight ; but let it be obſerved, that though 


the bending. of the bars, is by this means pre- 


vented in the direction wherein it naturally takes 


place in the higheſt degree, an unequal bearing 
on the levers 3 tend to r the bars edge- 


ways; and though ſuch bending muſt be very 
trifling, even when compared with what has been 


heretofore conſidered, the effect cannot be hurt, 
and may be rendered more perfect, by removi 


as much as in our power, even the probability of 


any jerk or 2 however ſmall. 


1 361. Plate 


* 
hs, 
N 3 . 
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; 361. Plate 11. Fig. 5. repreſents one of the Ou THz Fb 1 
Neel bars with the braſs bar and levers; om F 
1 which it is made to act, (by means of the piece Mr. Ellicot'sPen- 
b, ) in ſuch manner, that each ſhall have equal %um improved. 
| preſſure, notwithſtanding any inaccuracies of exe- 


cution, &c. | 
9 362. N' 1. (under Fig 5. Plate 1 1.) repre- | „„ 
| ſents the lower end of the braſs bar, together 85 1 
with the cylinder c, and piece b, each ſeparately; Improvements, 
| and N* 2, and 3. are different views of the 
N levers. , 

363. Fig. 6; Plate 11. part of one of the ſteel = 5 
| Ke bars, to be ſcrewed to the bars Fig. 5. as repre- 
ſented by Fig. 7. the large opening in it, ſerves to 

| ſhew, the ends of the levers with the piece b, &c. 
* From what has been ſaid, it appears, that Mr. 


ELtxcorT's Pendulum, can no more be rendered 


_ perfect, with two bars, than the gridiron can 
by with five (339); nor can the e ect be perfect in „ 1 
5 any Pendulum with levers, where each * not . 9 
So bear an equal weight (360); and conſequently, 1 
1 any Pendulum comſrutted with one luer, can 
| never have a perfect effet. 
364. From what is above ſaid it is not to be 
e e: that this Pendulum in its preſent 
ſtate, is as imperfect as a gridiron of five bars 
(33 9); though 11 3 leſs degree, partake of the 
inconveniency: but when three bars are uſed, In favour of Mr. 
and the bearing on each lever, rendered £qual ; _ 
P 2 the 
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Of Mr. Ellicott's 
Pendulum. 


: ObjeQion to it. 


Anſwered. 


Further remarks. 
a 


Odjection to the 
gridiron. 
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the effect of Mr. Ellicott's, will in every refpect 
equal that of the gridiron Pendulum; with the 


ſuperior advantage of being much more eaſily, 


and accurately adjuſted, than any gridiron Pendu- 
lum that I have ſeen; not to mention ſome 


ſmaller advantages (32 9). 


365. The objection that will molt probably 


be yet made to Mr. Ellicott's Pendulum, is, that 
it_is regulated by raiſing the Pendulum ſpring 
through a ſlit, &c. by which means the length 
of the ſpring is altered, in regulating the length 


of the Pendulum: but, though this is allowed 
to be an imperfection in 4 conſtruction f 


Clock-thermometers (323), it is not of equal mo- 


ment in this caſe; for when the Pendulum is 
once got to vibrate true time, the length of its 
ſpring is no more altered: beſides it is eaſily to 
ſubſtitute other methods of regulating, that ſhall ; 


in no degree be liable to this objection. 


366. As to the increaſe of reſiſtance that may 


take place owing to the cavity in the hall; I ſhall 


endeavour to ſhew hereafter, how the reſiſtance 
of the air may be diminiſhed with this, and all 


other Pendulums, by altering the ſhape of their 
bus 


If in the gridiron Pendulum, the Bal 


be We by the lower edge, the whole ex- 


panſion thereof will tend upwards; and its con- 
traction, downwards; nor can the effects of heat 


or cold, on ſo thick a n keep pace with 
thoſe: 


—— — —— — 
> 
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thoſe of the Pendulum rod; therefore in this caſe On, T8 Pexpu- 
the effect of a gridiron is leſs perfect than Mr. Kae 
Eliicott's ; but this may be corrected by ſup- Of Mr. Ellicott's 
porting the ball, by its center of gravity. Ox CO 
THE WHOLE, 

368. The only material difference that I can Mr. Ellicots ea- 
diſcover in the advantages of thoſe ingenious geo] = 
contrivances, in their moſt improved ſtate, is: effect. 

That Mr. ELLIcorr's is by much the eafieft ad- 
U juſtedꝰ; and that, when the air has free admiſſion 
| between Us bars, they are more equally heated and 
1 cooled, than even thoſe of the 6x191RON ; in which, 

the bars at the extremities, are ſooner affected by 
any changes in the temperature of the air, han 

thoſe towards the middle: fo that the effect muſt 

i be mf? per fect where all the bars are moſt equally 
ante (329). 

| * 369. I ſhall now endeavour to bring into one | 
point of view, the ſubſtance of what has been 
n - faid relative to the influence of heat and cold ? 
. on Pendulums. e 15 4 
| That wooden Pendulum rods may anfwer for Rzcarrruas r 
1 Clocks wherein the influences of the oil take place of v 
on the pales (37 8). 


| — — 
1 1 * Mr. Ellicott's Pendulum may be adjuſted to the 3 
1 nicety, without ſtopping the Clock many ſeconds, or running on ; 
fo great a riſque of altering the former length of the Pendulum, | | i 

as in all the gridiron Pendulums I ever ſaw. : 4 


Tha i] 
| | 

. — : a 
= ” % 1 

. , _ * 


— 2 


we 5 IRD VEM Wr i or 


raver or That, before the influence of the oil is remov- 

EAT AND COLD 

CES a i in Clocls, their per formance may be burt, by 
MY totally uin the influences of heat and cold 


en the Pendulum, particularly with recoiling 955 
lets (195, 196). 

That, 0 Thermometer that remains immove- 
© 17550 9:08 abt -in its place, can per fectiy remove the influence 
* „ of heat and cold on the Pendulum rod (32 5). 

6. That, the Mercurial Pendulum it too ſoon F 
| 92 fefted by rbe changes of heat and cold; and there- 
. _- We can never have a per fect effec, aaa end 
tei influences (326). 
That, the Gr Dok, and Mr. Butxcorr? s 
thats for removing the influences of heat and 
cold, are the beft ov have yet appeared (331). 

That, 20 Pendulum can be conſtrufted with 
one lever, ſo as to have a perfect effe (563). 
© "That, the bars are more equally beated and 

| cooled i My. . EuicorT's than ove GRIDIRON 
Pendulum (468). TI 

5 And that, the former is 2 more. 5 au- 

TM _  jſled than the Nu (368). p 

Pendulum with 370. Which two n or n 
3 . 7370 the preference to the Tea, with 
levers. If I have in this examination commit 

ted any overſight or error; the manner which 
has been obſerved through the whole, lays them 

apen to the darection of 64 a r with more 


5 . 


371. Some 


% 
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371. Some may expect, that the method of Ou n Penxove 
determining when fuch Pendulums are accu- — 
rately adjuſted, ſhould be here given; but where 
time admits, a due attention to the perfor- 
mance of the clock, is the beſt means, as it 
includes every circumſtance that can affect. 


372. As 70 ehe eee that may happen : in the nN IN 
ACTION of Gravity (307); they only take gp Fe hn 
place from a change of Jatitude, and muſt be cor- ; 
rected in the length of the Pendulum. 


373. Having ſhewn is, how to render Introduftonto the 
the maintaining power perfectly uniform (300), and zie denſity 
the point of ſuſpenſion 7moveab/e (315), and the 
length of the Pendulum i7variable (3 16 to 37 3)3 
{ach changes as happen in the pexsITY of 10e air, 
ſeem now, the only remaining cauſe, that can 
alter the length, or time of Vibration, 

374. I therefore proceed to enquire into, the Enquiry: 
comparative eftects that ſuch changes may have 
on the times of Vibration performed in cychoidal. 
and circular Arcs, when uo other cauſe tends to 

alter their times. 

375. If a Pendulum was made to oſcillate in 
an exhauſted receiver, free from reſiſtance of any 
kind, its Vibrations would continue egual, and 
Shechronal (14), whether performed in the — 
or circular curve: And, 

76. And if the action of gravity, on ſuch het gravity, 
Pendulum, was altered, fo would its times of Vi- motive force, 


bration 


1 Y Ang. 7 r ; * „ r pra — 
- 
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DewnsITY or 
THE AIR. 


E. 3 
| * 


Alteration in the 


action of gravity 
will not alter the 


length of Vibra- 
tion. | 


Times inverſely 
as the motive 
force. 


Comparative 
weight, the mo- 
tive force. 


In a non; reſiſtin 


medium, cycloidal 


and circular Vi- 


brations are on a 
level. 


Not ſo in air. 


fore, 


IMPROVEMENT OF 


bration (x7) ; for in this caſe, the agel gra- 


vity of the ane, is its motive force. | 
377. Nor would any alteration in the action 
of gravity, alter the length of the Vibrations ; 
tor, the oppoſition to its aſcent, increaſes and di- 


miniſhes r jrr power of deſcent. 


And, the velocity of Such dalam will be as 


its motive force; and its times, inverſely as the 


velocity 3 i. e. inverſely as its motive force. 

378. But when a Pendulum vibrates in any 
heavy medium; its comparative weight, is the 
motive force ; 1. e. the weight of its bulk of the 
medium, bein g deducted from its abſolute weight, 
the remainder only, is its motive force. There- 


379. Any RY nei in the FRG & the 
medium, will alter the motive force (37 8); and 


if fuch medium be conſidered as non-reſiſting, it 


will not alter the length of Vibration (37 3 
conſequently every alteration in its denſity, 

would by altering the motive force, cauſe equal 
alteration in the velocities and times, of ſuch Vi- 
brations as were performed, in cycloidal or cir- 


cular Arcs. But, 


380. Air, being a reſiſting medium; ; its e- 


fflance will increaſe. &c. as its denſity, as will 


the effect of ſuch refiſlance, in n the 


See 6th Corol. Prop. 24. 2 Sir Isaac Newrox' $ Prin- 


| cip. Math. Vol. 2. 


motion 
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motion of the Pendulum; and contracting its 
Ares of Vibration : therefore, thoſe alterations 
that happen in the reſiſtance of the air (conſider- 
ed ſeparately) do not affect the times 
381. But, he ſhorter Vibrations in circular 
Arcs are performed in /e/s time than the longer 
(19): therefore, any increaſe of reſiſtance of the 
air, will, by contracting ſuch Arcs, alſo ſhorter 
the times of Vibration: and this effect will alw 
be, as ſuch denſity of the air (300) A. 
382. Now, ſince any increaſe of denſity in 
the air, will, independent of its refiſtance, pro- 
long the times of cycloidal, as well as circu- 


— . 75 7 mig on 
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The alteration in 
the length of Vi- 
bration, as that 
in the denſity of 
the ait. 


ye 


Cireular Arcs 


correct the effects \ 


of ſuch changes 
as happen in the 


lar Vibrations, in proportion to ſuch increaſe of veny of We 20s 


denſity (378); and as the reſiſtance of the air 15 
always as its denſity, and contracts the Arcs of 
Vibration in the ſame proportion; it follows, that 
in circular Arcs the reſiſtance of the air, con- 
tracts the 7imes of Vibration (19), as much, as 
the diminution in the motive force of the Pendu- 
lum, from ſuch change of denſit 
(378): And the contrary. 


— 


38, 19). 
5 tance of the air does ſomewhat more prolong the 
time of deſcent, than it contracts the time of aſcent of a Pen- 
dulum; and this difference will increaſe, or diminiſh, with the 
total reſiſtance of the air in each Vibration: but the total re- 
ſiſtance to Clock Pendulums, is as the maintaining power (300); 
therefore, the former will be uniform, when the latter is fo, 
and will in ſuch caſe, equally affect the time of each Vibration; 
which uniform effect is corrected in the length of the Pendulum. 


y, prolongs them 


Q 383. Hence 


„ 0D» 
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383. Hence, a Clock-pendulum, having its 
»x4710x5 con-. motion continued by a maintaining power ber- 


fedtly uniform (300), and at liberty to enlarge its 


Arc of Vibration, in proportion to the diminu- 
tion denſity i in the air; and the contrary; will 
have all its Vibrations in circular Ares, iſochro- 
nal (382); which would not happen in the cy- 


cloidal curve; in which, all the Vibrations of 


8 Giedalar Vibration 


. better than cy- 


id. 


whatever longed, are Shchrengl in a medium f 
uniform denfity only, (379, 380). And thus it 
appears, that in CLock-rsNDULUMS, Vibrations 
Per formed in the Arc of a circle are much ſupe- 
rior, to thoſe performed in the cycloia, when the 


maintaining power is uniform, and the denſity of 
the medium Huctuating®, 


CONCLUSION. 


Having thus endeavoured to inveſtiga te ſepa- 
rately, the effect of each cauſe, that 15 imagine 
can influence the performance of a Clock; and 


compared ſuch effects, with their cauſes, in the 


preſent ſtate of Glock-work - I am eech in- 
duced W 2H ſo much mend: in the po 


ts. EG . e K — as 


* What is here objeted whe cycloidal curve, is emallly ap- 
Plicable to the friction on the pallets ; the moſt perfect mode of 
a recoil, or any cauſe whatever, that has a tendency either to 
render the Vibrations of more equal length than is here pro- 
| Poſed; or to accelerate the Vibrations more, in proportion to 
their length. And if the nature of pallets is not fo fully conſi- 


dered in chis Effay as the reader could with, it will be further ex- 
AER in the next. 


4 formance, 


Loe k. WCW O RK. 


formance, from the improvements already pro- 


poſed, as will render any further enquiry into 
the nature of pendulous Vibrations, of no mate- 
rial ſervice to the immediate improvement of Clock- 
work; but if my leiſure, was equal to my incli- 
nation of eſtabliſhing a practical theory of Clock 
and Watch-work, and rendering it of genera] 


— 


utility, I would not deſiſt, before I had made 


ſuch number of experiments, as would not only 

illuſtrate, but confirm, the truth of every im- 
provement propoſed in this Eſſay: but pru- 
dence forbids an attempt, that requires ſo much 
time, expence, and application. f 


End of the Firſt Eſay. 
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WATCH-WORK 


T BEING. UNIVERSALLY ALLOWED, that WATCH-WORK, 
Watches are as well executed as Clocks, 
but meaſure time worſe ; it naturally follows, 
that the defect ariſes, more from the. imperfec- Errors ariſe from 
tions of principle, than execution. ways hang 
23855. I SHALL THEREFORE ENQUIRE, 

A herein do Watches differ from Clocks? 

FW hat defeci will ariſe from each difference ? 

How ? and in what degree ? may 22 defects 
be remedied ? 


386. The articles een Watches differ from Watches differ 
Clocks are, | from Clocks. 


FIRST, That in Clocks 3 the motion is ge- 


nerally maintained by weight; ; but in Matches 
by hs 


384. 


Enquiries. 


en 
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CLocks Go BY 


WEIGHT, 
6 n 
= on 


IMPROVEMENT OF 
SzconDLY, That in Clocks, the motion is re 


lated by a Pendulum; but in Matches, 2 a Bal 
lance and ſpiral Spring. — 


Tr1&DLy, Clocks are not capable of beginning 


their own Vibrations; but Watches are. 


Firſt inconve- 
niency of Springs. 


Second Ditto. 


How remedied, 


FourTHLy, Clocks are larger Park Watches. 
And, 


Firrhrr, Clocks are hr; in cheir place; 
but I atches are portable. 

387. The above five articles, being all that 
occur to me, wherein Watches differ from 
Clocks; I ſhall enquire into the effect of each 
article ſe 2770 my how 1 it may be moſt effec- 


tuall 4 * 


 Chcks' go by weight, &. 5 


38 8. The firſt inconveniency of EN AE Is 
905 their action is not uniform, but diminiſhes 
as they unbend: but this is totally remedied by 
the application of a well adjuſted Fus. 

389. Heat and cold, contract and dilate all 
metals; and conſequently alter the elaſtic force of 


Springs in fuch manner, that their exertion is nat 


the ſame at all times; but in a ſtate of fluctua- 


tion, depending on the temperature of the air, or 
the degree of heat or cold to which they 1 


occaſionally be expoſed. 


390. But this evil, however bad, is not in- 


5 eurable ; for the ſame cauſe * producing the 


lame 
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ſame effect, it may with certainty be remedied Warcars av 
by an oppoſition of expanſion ; of which more : 
when ] treat of Thermometers. | 

91. I have ſhewn (155), that the influence 
of heat and cold on the oil applied to the pallets, | 
was of the moſt pernicious nature, as no remedy xt erred 
could be applied by oppoſition ; the ſame is appli- burtul. 2 
cable to the oil applied to the main Spring for the 
coils of the ſpring lying in many places in contact 
with each other, any change in the tenacity of 
the oil, may conſiderably alter the exertion of 
the Spring on the Fuſee; and conſequently the 
action of the wheels on the pallets. 8 
292. But the uſe of oil on main Springs may Rendered unne- 
be diſcontinued, by tapering zhem more towards n. 1 
the inner end; by which means the exterior 
Coils being thickeſt, will ſooneſt unbend; and 
the exertion of the Spring will become progrel- 
ſive from its outer, to inner end, and one coil 
only act at a time; which will prevent all rub- 
ing, and render the application of oil entirely 
unneceſſary: hence ie action may (390) be ren- 
dered ſo uniform, that the greateſt effect of any 
remaining irregularities, cannot be perceived in 
the performance of a Watch. 5 
93. It may poſſibly be objected, that the Objection to ta- 
thickneſs of ſuch Springs may render their ten- K 
per leſs per fect at the external, than the internal Anſwered. 
end; but it ſhould alſo be eee that the 
exterior parts of all Springs are bent round 


larger 
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Chute 2g BY larger cylinders, than the interior, and therefore, 
A require leſs perfect elaſticity ; and if due care be 
| taken that Springs be made as broad as the ſpace 
admits, and no part of their power miſapplied; I 
am apt to think that no ſenſible inconveniency 
or diſadvantage will attend the neceſſary thick- 
neſs : but even admitting, that thicker Springs 
are more liable to break, than thinner ones; 
that which gives the moſt perfect performance 

= while it laſts, is in many cafes to be preferred. 
Confideration of 394. When I examined the properties of Mr. 


the method of dif- 
engsging theo TLUGENS 8 method of removing the effects of any 


wheels, reſumed. irregularities of action in the main Spring (216, 
d 223), I propoſed reſuming that ſubject, in 
order to enquire, whether that 1 ingenious contri- 
vance would have an equal effect in poRTABLE 
MACHINES, as it was there allowed to have i 
Spring Clocks that remain in their place (221). 

The reader will pleaſe to remember, Taar 
395. The chief advantage acquired; in the former 
caſe, was owing to the {wing wheel being mov-_ 
ed by a ſmall weight (216); which would have a 
direct contrary eſfect ina portable machine, of what- 
ever conſtruction: for the action of the weight on 
the ſwing wheel, would no longer remain uni- 
form, but depend in a great meaſure on the di- 
rection and velocity, with which the machine 

was moved. 

Wuſtration. 396. Example. If a heavy body falls freely, 
it will deſcend nearly ſixteen feet 1 in a ſecond ot | 
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time: but if two bodies fall together, and with Warches »r 


equal velocities, they will be relatively at reſt; 
nor can the one, have the leaſt tendency to draw 
or propel the other: and thus, is the action of 
the ſmall weight on the ſwing wheel diminiſhed, 


SPRINGS. 


— 


in proportion to the velocity with which the 


whole machine deſcends; and the contrary; by 
which means, Mr. Huczns's method of winding 
up his Marine-clocks every half minute, intro- 
duced greater irregularities in their maintaining 
power (while at ſea), than could ariſe from all 
the other imperfections of Spring Clocks taken 

together. Fr 
397. Let us then ſuppoſe, a Spring or Springs, 
ſubſtituted for the weight; it is obvious, that 


every inconveniency ariſing from the motion of 


the whole machine, will be removed; but thoſe 


Springs, being as ſubject to the influences of 


heat and cold, as the main Spring, will be no 


improvement in this reſpect ; for if any degree 


Springs ſubſtituted 
for weights. 


of heat or cold ſhould alter the exertion of thoſe 


ſmall Springs on the Ballance wheel, ſuppoſe —— 
part of their whole force, it will affect the times 
of Vibration, as euch, as if the main Spring 
had acted on the Ballance wheel, (without the 
interpoſition of {ſuch ſmaller ſprings) and un- 
dergone an alteration of a rng part of its 
whole force: for in either caſe, there is an alte- 
ration of g partof the whole maintaining power; 
and it was ſhewn formerly (80), that zhe altera- 


R 2 gion 


No advantage: 
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— 


Theſe ſmall 
Springs more in- 
fluenced than the 
main Spring. 


No more than a 
200th of the in- 
fluence of the oil 
can be thus re- 
moved. 


IMPROVEMENT OP 
tion in the meaſure of time depends, ſc. p.) on 


the alteration in the maintaining power : 


there- 


fore the performance of the Watch, will be no 


ways improved by the above means. 


And, 


398. If this method of frequent winding up, 


does in portable machines, remove the influence 


of heat and cold on the main Spring: 
duces another effect, that is, in every caſe equal 


to it (397), 


it intro- 


and ſuperior in many ; for, thoſe 


Springs that propel the Ballance wheel, being ſo 
much more ſlender and expoſed than the main 


Spring, are influenced by many ſuch changes of 


heat and cold, as have not ſufficient duration to 


affect the main Spring; and therefore, if we only 


regard the influence of heat and cold on the 
Springs, this method is hurtful. 


399. I have already ſhewn (392), * to 


R the uſe of oil on the main Spring; 


if the influence on all the 


and 
pivots, thoſe x: the 


Ballance and its wheel excepted, be removed 


by the diſengaging all. the wheels but one; it 
has been already ſhewn, that ſuch part of the in- 
Fence of the Sil, is to its whole influence, even 
in Clicks ; only as one to 199, (221): but it will 


ſtill bear a much leſs proportion to. the whole, 


in Watches, where the influence on the Ballance 
pivots, and pallets, become much more conſide- 
-rable on account of the greater angles and num 


ber of Vibration, as well : as the greater. num- 
ber of wheels. 


400. But 


WATCH-EWORK. 

400. But admitting, that a 200th part of the 
influence of the oil, ſhould be removed by this 
means, a much greater advantage might be gain- 
ed, by applying fuch part of the action of the 
main Spring as is in the above caſe lo; for by ſuch 
means, the influence of the oil would be dimi- 
niſhed in the inverſe duplicate proportion of the 


maintaining power (162): for, if a fifth part of 


125 


WATCHES BY 
SPRINGS, 


— — 


Much more ad- 
vantage gained by 
increaſing the 
maintaining 


the action of the Spring be thus loſt, the effect of 


the influence of the oil (on the wieaſitre: of time), 
with the remaining four fifths, . will be to its 
effect, with the whole action of the Spring, as 
25 to 16 *; from which it evidently appears, 
that fo far a8 relates to the influence of che dil, 
the advantage gained, by applying he whole ex- 
ertion of the main Spring 70 the pallets, is, to the 
advantage gained, by Fenn 8 the ee 
nearly as 200 to 3. 

401. It has been already AT; ( 398), that, 
ſo fit as it regards the influence of heat and 
cold on Springs, this contrivance is hurtful ; 


RECAPITUL An 
TION. 


that, ſo far as relates to' the influence of the oil, it 
has no better effect 400); and that, unleſs the pe- 


riodical fluctuations, in the aftion of the wheels, 
have a ſenſible effect on the meaſure of time du- 


* For it appears that by increaſing the motive force of the 
wheels, as 5 to 4, the influence of the oil is diminiſhed as 
16 to 25, that is, ſomewhat more than a third : but by diſen- 


gaging the wheels (however frequent) only a 200th part of 


the influence can be removed. 
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IMPROVEMENT O F 


— r ring the action of one tooth, it never increaſes 


4s. 


— At. 4 


winding up 
ſo, than thoſe of the wheels and pinions. 


The diſengaging 
the wheels, &c. 
can never be an 
advantage in any 
portable machine. 


2. ( an : and even admitting, that ſuch periodical 
fluctuations in the maintaining power, were 
hurtful; thoſe that happen, by unlocking the 
in the above caſe, are not leſs 


402. There does not then appear, the ſmall- 
eſt ſhadow of i improvement, | by thus diſengaging 
any number of the wheels, in Nane machines of 
any kind: on the ua by rendering thoſe 
Ne of winding, more frequent, than will 
require the Springs g propel the Ballance 


wheel, each us thick as ebe Ballance Spring, the 


performance muſt be hurt“; and in 30 hour 
TEIN whoſe Ballance Springs are of a proper 
agth, the above rule, will not even admit 
yr, Fes an one fingle wheel, much leſs, of 


winding up every half minute ; therefore, we 


may to good purpole in all portable machines ſave 


Maintaining pow- 


er in Watches 
can never be ren- 


dered as uniform 


as in Clocks. 


treatet] of. 


be liable to the fame ines | 


chat labour, which this method of diſcngaging | 
the wheels would occaſion. 


403. The method which I have given (300) 


for rendering the maintaining power in Clocks 


perfectly uniform; would in portable machines 


SnIencies : hence it 
would appear, that in this reſpect, Watch-work 
muſk ever be inferior to Clocks : 5 0 11 a 


1 
c ne 2, 9 As VS 


- . * 8 — — 55 4 AE 


— 


„* 


3 This article wil be Acad when Thermometers are 


due 


W ATCH-WORK. 


due attention to what has been ſaid in the for- WArcnhzs By 


mer Eſſay relative to the maintaining power, 
and a judicious application of a Thermometer, 
the action on the pallets, in Watch-work, may 
be made to diſturb the times of Vibration, as little 
as it generally does in Clocks. Bar, 
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SPRINGS, 
—ͤ memes 8 


404. He who prefers experiment to demon- Experiment, and 


ſtration may receive no ſmall ſatisfaction, relative 
to the errors that ariſe from all the imperfections 
of MAIN SPRINGS, even in their preſent ſtate, by 
comparing together the performance of two 
Clocks; the one with a weight, the other, with a 


Spring: and I will venture to aſſert from trials 
I have made; that, if the maintaining power, 


angle of Vibration, and weight of the Pendulum 
&c. be made equal in two ſuch Clocks; their 
performance will prove; that @ very ſmall part 
only, of the errors of Watch-work, is owing to the 
imperfectious of the main Spring; even where no 
Thermometer is uſed. to counteratt it*. | 


_ —_——_ 1 * Moos 


— 


. 
— 


Concluſion. 


Does not the ſame heat that lengthens the main Spring 


and chain, render the oil on the pivots more fluid, and increaſe 
the diameter of the Fuſee? by which means, it ſeems to me more 
than probable, that the exertion on the pallets is rendered more 
uniform, than if the action of the main Spring was ſubject to 
no alteration from heat or cold: for thoſe contrary effects tend 
ta correct each other. ns - = 


CLocks 
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Plan of enquiry. 
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Crooks? are regulated by a Pendulum; 


Warchs 4 a Ballance and ' Spring. 


405. Tn: nder to . this matter pro- 
Ws it is neceſſary carefully to compare the 


2 Ballance and its Spring, with a Pendulum; and 


enquire, how far they ſhare the fame proper- 


ties: in order to which, I ſhall here recapitulate 


the general properties of the detached. Pendulum, 
as ſtated in the foregoing Eſſay; that it may the 


more clearly appear, in what reſpects thoſe of the 


Firſt property of 
the Pendulum, 


Equalled in the 
Ballances 


"rr do eirkier _ with, or differ from 
ben.. 1 | 


F IRST. Property of a Heese 


406. That, if once put in motion, it would 
ever continue to vibrate, if no external cauſe 


tended to deſtroy its motion. 


The caſe is fimilar in the 3 ; the the 
K pring in unbending, would communicate as much 
motion to the Ballance, as would enable it, (by 
means of its vis viva) to bend the Spring as much 
ina contrary direction. Hence, it would vibrate 


without diminution, &c. 


Second Property 
of the Pendu- f 
lum. 


Sxco⁰ Property of the 81 — 
407. All its equal Vibrations would be per- 


formed in equal times. 


The 


. 3 
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WAT O HW OR K. 
The ſame would happen with the Ballance and Cocks nec. 


. ATED BY A 
Spring: becauſe the motive force and ſpace de- Puxpuron, &c. 


ſcribed, remained unalterably the ſame (406). 
Tux Property of the Pendulum.— 

408. Its momentum (in circular Vibrations) 
is as the verſed fine of its angle of Vibration, 
into its quantity of matter : but it increaſes ſome- 
what quicker, towards the extremities of cycloi- 
dal Vibrations ; in which, the exertion of gravity 
on the Pendulum, is conſtantly as its diſtance 
from the point of reſt *, _ 3 


In tbe Vibrations of the Ballance, the exertion of 
the Spring, is alſo conſtantly, as the diſtance of 


the Ballance from its point of reſt +; and there- 
fore its Vibrations, naturally have the properties 
of the cycloidal Pendulum, oſcillating in a medium 
of unalterable denſity} ; and their momenta and 
velocities, at different diſtances from the point of 
reſt, &c. are to be eſtimated in the ſame manner. 
Four property of the Pendulum. 
409. Thoſe of equal length, though unequal 
weight, will (c. P. perform their Vibrations 
in equal times. No Rs : 
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Third property of 
the Pendulum. 


More perſect in the 
Ballance. 


Fourth property of 
the Pendulum. 


Lilewiſe all Ballances wherein the vis inſita and Fauallid in iße Balg 


— 


flrength of the Spring have the ſame proportion; 


— 


* See Sir Isaac NEW TOx's Prin. Prop. 53. 
+ See Dr. Hook's Theory of Springs. 
4 For ſuch changes as happen in the denſity of the air, do 
not alter the motive force of the Ballance, as they do that of 
the Pendulum (37%). 3 


will 


nes. 


* 
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will (e. p.) perform their L ibrations in ou! 
times. 
FIR property of the PO AR 
410. They alter their times of Vibration in 


different latitudes + (becauſe gravity is altered 


" qualled in the Bal- 


lance and Spring. 


A perſet equiliber 


of act ion and re- 
Aion. 


Wo 


— its weight or fe 


without the vis infita)Þ. 
A] Ballance will agſo alter its do ee, N 
if the NPrength of its Spring be prom och ; without 


471. In the 
made by means of the vis i 
igſelf : the Ballance Spring is add to coun- 
teract icelf in each Vibration, by means of the 
122 of the Ballance; and thus, by having 
end A changed into-the cauſe, in each Vibra- 


tion; we have, in the vibrating Pendulum, and 


in the. Ballance and Spring, the moſt perfect 
equilibrium of action and re- action, that nature 
3 what can be more er than any 


n ee 55.01 e 8 Thus 


* ganas. ad he. al «di . * A 0 


+ is the 8 gravity is he motive @ force; * in 
Ballance, the Spring: the vis in/ita is the reſiſtance; i in each: 
and the contrary: therefore, when the motiye farce is in each, 
as the reſiſtance, the velocities and times muſt be equal; Hence 
it alſa happens that (c. p.) the Ballance meaſures the lame time 
in all — 

X 


altering the weight, is ſtrictly meant, altering 
the vis inertiæ; for the Vibrations of a Ballance, whoſe center 
of gravity coincides with its center of motion, have not the 
leaſt dependence on. gravitation, otherwiſe it would alter 1 its 
times in different latitudes, as well as the Pendulum. 

T For this reaſon the vibrating Pendulum and the Ballance 
and Spring will always meaſure time better than ſuch as * 
1 whole 


. - 1 I 


— ORE 2 y a du | 


WATC H-W OR K. 

412. Thus we find; that the Ballance and 
' Spring, are in full poſſeſſion of all thoſe proper- 
ties of the Pendulum, on which the iſochroniſm 
of the Vibrations depend : the vis inſita, hav- 
ing the ſame effect in each; and rhe Spring pro- 
ducing that effect in the Bollance, that gravity 
does in the Pendulum. Therefore, 

413. All that has been ſaid in the former Eſ- 
| fay, relative to, the length of Vibrations (41, 

47) 3 weight of the Pendulum (79, 80); quan- 
— of maintaining power (161, 162); influences 
of the oil (163, 164); and confirution of pal- 


lets, (189, 239, 263) ; is as applicable to 


Watches, as Clocks“, za need not here be 
repeated : but as the ſeveral articles wherein 
Watches differ from Clocks (386) require ſome 
eonſiderations in the improvement of the former, 


1 1 *r ml ta. acc >. the. tre a. 4 Y 4 * een — — Aab 1 — 


— — co 


whole tevolutions + and where the centrifugal force is made td 
correct the velocity: for in this caſe, any alteration in the mo- 
tive force will require a new adjuſtment of theſe two powers, 
which cannot take place till the change of velocity make ſuch 
an alteration in the centrifugal force as can overcome ſome ſmall 


degree of friction: therefore the motive force may remain for a 


conſiderable time, either too great or ſmall, for the reſiſtance, to 
render the revolutions iſochronal; and here the moſt trifling 
error may, by conſtant accumulation, become great (248) : 
whereas in the common Pendulum, there is a new adjuſtment of 
the motive force and reſiſtance, at the point of reſt of each Vi- 
bration; where the effect is always changed into the cauſe, 
2 Obſerving always, that what is ſaid in the Ore of the 
mode or quantity of the exertion of gravity on the Pendulum, 
is to be underſtood in the Other, of the exertion of the Ballance 
Spring, 


"Was 1 that 
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* 3 
* 


The Ballance has 
all the properties 


of the Pendulum. 


All that has been 
ſaid relative to the 
Pendulum, is 
equally applicable 
to the l ance. 


” IMPROVEMENT OF 
Cocks xrov- that were totally unneceſſary to the latter; I 
Frxov.om; ſhall endeavour to point out, in what caſes, thoſe 
eee, RR improvements co-operate with, OF 
cC.ounteract, thoſe already propoſed. | 
Maintaining 414. It has been already obſerved (403), that 
ae CE ee the maintaining power can never be rendered ſo 
fet in Watches uniform in Watches as it may in Clocks: but 
ORR 7. admitting the natural iſochroniſm of the Ballance 
| (408), pallets may be fo conſtructed, as to cor- 
But the ſame effect rect the effec of any changes of the maintaining 


r power; by prolonging one half of the time of Vi- 


produced. 
| bration, as much as the other is contracted : 
which will have the ſame effect on the mea- 
ſure of time ; as rendering. the emer aboue power 
Perfectly uniform. 
Enquiry concen- 41 f. But let us now enquire, whether there 


ing the Ballance. are any probable reaſons, why the Ballance may 
not have the ſame * in practice as in 


theory. _ 
nn os In the theory of the Ballance (408), 
3 PE, action of the Spring was conſidered, as an in- 
* nate property of the Ballance; whole renntion 
was in every part of the Vibration „as the dif- 
tance of the Ballance from its natural point of reſt : 
but no regard was paid to. the effects that might 
ariſe from the vis inſita, or ſhape of a Spring, 
EE W in a ſpiral direction. 
Than of its If all the matter of the Pallizivs Spring 


was 8 into a circle, concentric with the 
Ballance, its vis infita would have a ſimilar ef- 
18 25 i a 
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fect to that of the Ballance ; and would tend to arent, By 4 
promote the action, in the one half of the Vi- SPRING, 
bration, as much as it oppoſed it, in the other; * 
and conſequently, no part of the exertion of the 
Spring would be loſt, or deſtroyed by its means. 
But from the ſpiral form of the Ballance Spring, 
the vis inſita of all its parts, have contrary ten- 
dencies, and ſo deſtroy each other's effects; ſo 
that it cannot promote the bending as much, as 
it retards the unbending : and thus is a part of 
the exertion of the Spring loſt in each Vibration, 
which muſt prolong the times. But | 
41 8. The par t loſt of the exertion of the The exertion loſt 
Spring is, (c. p.) as the mean motion of all the Vibradenꝰ Hefe 
particles of the Spring taken together: hence it the longer ones 
mult increaſe with the angle of Vibration; and A 
ſuch prolongation of times as it occaſions, muſt 
be greater, in the longer Vibrations than the 
ſhorter ; and this I imagine is the caſe, in de- 
tached Ballances with Springs of equal thickneſs. 
419. If the Spring be rendered thinner towards The Vibrations 
its inner end, the mean motion of its parts, will {4rd more 
bear a leſs proportion to the angle of Vibration ; 
and conſequently, the longer and {ſhorter Vibra- 
tions will thereby be rendered more ifochronal ; 
and the ſame is true of all the other means, by 
which, the mean motion of the Ballance Spring 


may be diminiſhed (418). But 
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1 * 


Mode of action 


conſidered: 


The exertion of 
tapering ſpiral 

Springs progreſ- 
five, &c. 


Different from 
— 28 


(408), the thicker part 
Wenn ths exertion of a ſpiral tapering Spring 


IMPROVEMENT OF 
420. As the Spring muſt have ſome degree of 


motion in any Vibration whatever the above 
conſideration alone, can never render the Vi- 


brations truly iſochronal (418). 


421. But the longer Videldons are d 
quicker in proportion to the ſhorter, with taper- 
ing Springs, on account of their mode of action, 
_ as the np rg of the vis inertie. 


0. x any power dia 


to a Balance, 


which tends to bend i its r the thinneſt part 
thereof will be ſooneſt bent; therefore a taper- 


ing Spring will begin to bend at its inner end, 
224 as the reſiſtance of its thinner 8 inveiale 
s are bent: by which 


in is at leaſt in ſome degree, Progreſſive 


From its Rune. to its thickeſt end; and} in un- 
bendin 85 the contrary. 


424+ It is evident, that the mods of exertion 


of a ee 7 tral Spring, is different from hat 
of a 
5 eren as e e at right _ to the 


ſtraight of ' qual length, and taper, 


4 


Ne T0008 iS 


” 18 
N 
: . 
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— 
* 


I 


. The es exertion = any. power nr at 8 innet nd of a ta- "ay 


pering Spring, on any part of ſuch Spring, may be repreſented 


A two lines meeting at ſuch. part of the. Spring; the one at 
les, the other attangent to it : from which it is evident, 


he og Part as ls repreſented by the line 1 can have 


no 
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124 4. But the exertion of a Spring 1 18; c. p.) r BY A, 
48 its thicknefs; . therefore: (422), the evertion of LLANCE AND 


SPRING; 


a ſpiral tapering Spring, will increaſe more inn 
Increaſes moſt 
proportion to the ſpaces to which it 1s bent, than 


towards the extre- 


that of a Spring of equal thickneſs. 8 
prings. 

4425. Hence, the longer Vibrations of a Bal- (228 

lance will be: quicker” in proportion to the ſhorter Trine ore» 


tions quicker, 
ones, with tapering Springs, than thoſe of equal with tapering 
thickneſs : : Therefore, prings, &c 


426. FThere muſt be a Wettin degree of ta- A certain degree 
ing of the Ballance. Spring, that will rod; 27 of tapering will 


give the cycloidal 
the Vibrations as iſochronal, as if the Spring was Properties, &c. 


of equal thickneſs, and deprived of its vis inertiæ 

(417). And this I am alſo induced to believe 

by obſervation, as well as theory: and moreober, 

that, by tapering the Ballance Spring beyond the Or even render 
due piteh, the longer Vibrations of the detached the longer oe 


uickeſt. 
Ballance, oy” be rendered quicker than ſhorter | 
ones. 


427. And hawk it -may be impoſlible todeter- Many ſuch Springs 
mine by calculation, the exact ſhape that will give ud, K.. 
_ 2 property; it may not be ſo difficult, 
to v o manufacture many, that will have the fame 


* 


wy 
etl 


— 


——_—_— 


no ect on rele TE that part of the Spring, but acts 8 a 
cord in bending ſome other part of it, at the diſtance of a quar- 
ter of a turn from that point: and thus may a weaker part of a 
ſpiral Spring be made to bend a thicker, without being ſo much 
bent itſelf as if the Spring was ſtraight: and this accelerating 


effect of a tapering Spring will increaſe with the ſize of the'col- 
let-to which: it ib attached 7 


Property, 


136 


Crocks RECU- 
LATED BY A 
PeEni.ULUM; 


All the properties 


of cycloidal Vi- 


brations may be 
given the Bal- 
ance, even in 


practice. 


IMPROVEMENT WH. 


property, when ſuch ſhape has been once found: 


and it may be aſcertained by trial, whether ſuch: 


© property is —— and before they be * 
plied to a Watch. 


428. And thus it Wü appear, that even 15 


bag all the properties of the cycleidal Vi- 
brations of the Pendulum in a medium of uni- 


form denſity may be given the nee _ _"_ 


_ Spring. Therefore, 


Concluſion, = 
ict eg of Crocks and Warchzs, cannot be owing to 
the former being 


in 2 we di yer Om - 


- & „ „ 


In all Clocks the | 


action of gravity 


has more influence 
on the Pendulum. 


z 


The contrary in 
WN &c. 


429. The great diſparity in che performance 


regulated by a Pendulum, and 
the latter, by a Ballance and ſpiral Spring: we 
therefore come to con ſider, the third article where 


—— 42 * 


| ce ocks are not INE of beginnit ug 


e OWN Vibration : but Ware: CHES 


EY 90. If che action of che hana 8 Was 
greater than that of g gravity on a Clock Pendu- 
lum; ſuch Clock would begin its own Vibra- 
tions : but as no Clocks do, we may juſtly i in- 


fer, that i in all of them, the action of gravity 


has more influence on. the Pendulum, than the 
action of the wheels has. 


431. All Watches begi in their 8 . 
becauſe the action of the © wheel is equal to that 


of 


WATCH. W. o R 


y 


of. PO, e ſpiral Sp ping on the Ballance TR the 
eſcapes: the pallets (4860. And therefore 
Wa hes are, in this reſpect, only an d par With 
Clock 8 having ſuch light Penduluſns chat they 
would. begin their. own Vibrations (41 3). 
432. 8 22 ſuch a Clck be made With an equal 
maintaining power as in Watches, and 7s perfor- 


137 


WATCHES BY A 


BALLANCE AND 
OPRING.. 


* 


„ 2 ev ws” 


Experiment pro- 
poſed, &c. 


mance will prove, that no ſmall part of the imp 


perfections of Watgh-work, is owing to 700 ſmall 


maintaining powers. (164); and the ſtill ſmaller 


11144 4 


eg that the momentum of che Ballance 
ars to them (80, 81, 413, 487). 5 
433. It is univerſally onal that the lighteſt 
Pendulum has all the natural properties of the 
heayieſt: but Will any aſſert, that one of an 
ounce weight, will Cc. P.) have the ſame effect 
"Wm correcting any irregularities of the maintaining 
power, as one of many pounds: and is not the 


caſe exactly famila with a Ballance and 25 9 


L583 


(41 3) *. 3. ir 7} 
434. 1 ſhall hereafter have occaſion to en- 


quire into the ſeveral ways of au gmenting the 
_ momentum of the Ballance, when it will appear, 
that in every caſe, the advantage increaſes ma 


| £ 


3 $ + 4 ? 


** & E 2 * yy 1 — 


„„ n — FE 


1 I ſhall, in an after part, 8 _ W chat 
muſt yet be made, before. the momentum. of the Ballance can be 


Iltuſtration. 


The advantage in- 
creaſes with the 

ſtrength of the 

Ballance Spring, 

&c. 


n 
* 
3 2 
„ 


81 much augmented in Pocket: watches, with one Ballance, further 


„denn by augmenting the maintaining power and age of YIbra- 
RIG ow e ep the ref Lapement. 


* » 
* 4 * 
* F.- #4 7 e . 
'F . 7 * ; 7 £ OT 5 1 0 — 8 ; "£4 


— „ 


2 , * = P 


+ ; . er 2 


, * | 
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CLocks an » hs ft 214) 


E ſtreng th of the Ballance Spring : though nor 


1 equal ly in fall Caſes *. 


ä 


Larger Watches 


2 ©. 43. Hons here pointed out, one of the 


greateſt cauſes of error in the Tal a of 
Watches, 1 now come to the fourth article; . 


wherein they differ from Clocks. 5 
CLocks are larger than Warchgs. 


have the advan- 


| Wherein Clocks . 436. Here alſo, Clocks have the advantage > 
tage, &c. of 1 machines, wherein the 126 18 Ümit 


ed : as they admit of Aronger maintaihing” Powers, 
and greater momentum in the Pe nelulumm. 


437. For the ſame reaſon; 4 LARGER Warch 
have a like ad- AQ 
vantage, &&. Will | perform | better than? a {aller : for, thou 


h 
the maintaining power m 54 bear the ſame 18 
75 1 to the weight of the Ballance in each; 


10 


.th 5 in lences 5 of 55g oil will always bear the g great- 


» £5.25 2-8 


4. 


eſt proportion to the leaſt: maintaining power (x 61 


SAD, I SD Gi» 


to 164) : therefore, the greateſt care is to be 
_taken, to acquire in all Watchesas great a main- 
taining power as circumſtances can admit: 
which of courſe increaſes the momentum of the 
_ Ballance, by Whie h 1 means a doi üble advantage i 1s 
gained (162, 490). 


| Held be mate | 438. As to the wheels; 3 they, ys ſerving 70 
| light, de. r the action the main n Spring zo the Bal- 


'* Since all that Ks been Fad ative to the exertion of the Bal- 


; 5 Spring is equally a 7 to the exertion of gravity on the 
Pendulum (41 3); it fo ows, that the more the Arc of Vibration 


of a Pendulum approaches? a Reaight line, i. e. theſhorter the Arc 
[See Plate 12. Fig. 2.) the worſe the performance of the Clock. 


lance, 


; 
| 
: 
i 
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lance, and to number its Vibrations ; ſhould be Crocs art 


rr r 
made no larger or heavier, than is abſolutely ne- 
ceſſary, to perform their reſpective offices with 
ſafety; and the judicious mechanic may diſpla 


his {&ill, by duly proportioning the ſtrength of 


each wheel, and the ſeveral parts thereof, to the 


* ky o» 
preſſure it has to ſuſtain, 
439. Some are inclinable to think, that 
great advantage is gained by having large wheels, 


as they may be executed with greater accuracy: 


but when the theory of wheel-work, and the 


proper methods of execution, are thoroughly un- 


derſtood, this imaginary advantage will vaniſh. 

440. But, the diſadvantages of large heavy 
wheels, are of more weight, for heavier wheels re- 
quire thicker pivots, which increas the influence 
of the oil in proportion to the ſize of the pivots ; 


and the friction, in the proportion to the ſize of 


the pivots, and weight of the Wheel, jointly ; 
which diminiſhes the maintaining power : as 


- 1 F Wen Ir eres 5 4 Mo 
does alſo, the vis inertiæ of the wheels; which 


increaſes as their weight; and is to be overcome 
at each Vibration of the Ballance. © 

441. On the whole it appears ; that, the more 
Watches approximate Clocks in point of main- 


taining power, and momentum of the Ballance, 


the more is their performance improved (413) : 


and that, though an increaſe of external ſize is 


neceſſary to acquire thoſe advantages; it is not 
always a certain proof of their being acquired. — 
„„ 2 e & | 


> 


LARGER THAN 
WATCHES, 


— raaicd 


The advantage of 
large Wheels imas 


ginary. 


Diſadvantages of 
heavy Wheels, 


Concluſion, &c.) 


- — — on. * 
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| Machine deſerivied, 


Yu 


IMPROVEMENT 0 f 
T now come to the hh article, wherein iu. aiches 


55 a; Hen A Chicks —— 


CLocks are fred. in ae pla 6e, but 


WàATCHES are portable. 


442. As the above difference gives riſe to an 
error in Watches, to which Clocks are only i. in a 


very ſmall. degree liable; 5 ſhall endeavour to 


bew, by what. means any EXTERNAL 240TION f 


a Watch does influence, its times of Vibration: : 
what kind of motion has the greateſt influence: : 
and by. what means thoſe influences may -. be 


eyade or corrected. 
Plate 12. Fi 18. TI: 8 a WAVED LM 


intended to illuſtrate this theory experimentally. 


A BCD, is a ſquare board, or frame, on 


which moves round a. hollow ſabes. (throug h 


which theverge or axis of the Baflance paſſes). 
E F G, a round board, or plate of metal, to 
which is attached the one end of a ſpiral Spring : 


the Sther end of which is fixed to a ſmall collet 


near the center of the Ballance N O, in every 


reſpect in the ſame manner as the Ballance 
Spring is applied in Watches. 


L. M, a ſcale fixed to the board E F CG. and 


ſerves to ſhew the relative motion of the Ballance 5 
therewith ; by means of a mar". made on the 
- * Balance (when at reſt) oppoſite the middle of 


the ſcale : : hence, as this mark recedes from, or 


3 _ 1 
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approaches the middle of the ſcale ; the Bal- Ivrrumes or | 


EXTERNAL Mo- 
lance is faid to recede 2 0 or e its rio. 


e e 
POINT OF” REST. eee | 


I K, is a ſcale on the beard A B C D, 1 
ing Balls in it OT FIROncng: with the dividows 
of LM; by means of a ſmall pin occaſionally 
put in either of theſe holes, the board E F G, 
| (when diſengaged from the catch H), may be 
made to move any number of ſpaces, and with 
different velocities, by the action of a weight or 
weights, ſuſpended to the end of a ſmall pliable 
cord, which is applied round the circumference 
0K the Kei E F G, and paſſes over a pulley at B. 
| . Now if the board E F G, repreſent the Ute of me ma- 
frame 125 a Watch, and N O, the r . 
the former be 0 to move any number of 
ſpaces on the ſcale JK; the influences of ſuch 
motion on the ane with Springs of dif- 
ferent ſtrength, Ran of different weight, 
and motions of different angles and velocitics, : 
will be given on the ſcale L M; for it matters 
not, whether the ballance of a Watch deſcribes 
' a certain number of degrees on the frame ; or the 
frame moves the ſame, and the wallace remain 
at reſt ; for in either 1 their relative motion is One tooth paſſes 
the 2 and will allow one tooth of the wheel . 
Which acts on tlie Ballance, to pals at each rel. 
tive Vibration; and the time ſhewh. by a Watch ; 
depends on the number of ſuch teeth, that eſcape 
S 64 pallets, whether owing to the ghſelute, or 
relative motion of the Ballance. * © 


* 


Po 


= 160 IMROVEM ENT OR 

Ide VENCE or 5 
1 Ln 445. 1 ſhall therefore here fuggeſt, a few, of 
| 9 or 2 * many. experiments, that may be made with 


18 


Y—— this machine, to illuſtrate the Nene of .EX> 


Introduction to the 
experiments. Wan, ada. | 


” 
: 477 


keel 


48 Let the! ſpiral Spring be vob cad as 
Ballance, and the Index F, be made to move any 
? number of diviſions on the ſcale IK; the Bal- 
lance will retain its poſitian by means of its vis * 
inertie ; and ſo be AR. to deſcribe as many 
ſpaces on the ſcale L M, as the Index F, n 
on the ſeale 1 KY | | 


eee, 


ue of en- 447. This experiment ſhews, that any exter- 
ternal motion nal motion of a Watch, will ( c. 5 P.) have the 


greateſt, when 


no Spring is p. greateſt influence poſſible on its performance, 
EEE Spring is applied to its Ballance (444); 
for in this experiment, the influence of external 


motion (ſhewn on the ſcale I. M), is e to 
the external maten, on the ſcale 1 K. | 


Experiment. 


* Let hike ac N, of ths, Witte, ks 
been he to the Rs of the . and the: hole 


— 


"I fa 8s a i REO * ns awd ST 4 n * * ws. 
A ca, — 5 "0" 3 2 * DL. . —_ 2 N 
_ — *. * je —— J — * 
a, 22 ” a - . 
11 pe 


% % 


* 2 * . 85 
= TY: 
_ 
* — = 
99 


n s 


3 e K _— 


IS: It is here to be 1 chat the motion be not very low; 
. for in chat caſe, the friction on the pivots might occaſion the 
f hallance to move with the, ſcale, and Þrelerve. its relative poſition. 


SS mac 
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machine be moved in a ſtraig ht line, with any InyLUBNCE or 
hc or in any N the relative poſi- 71 — Mo- 
tion of the Ballance and frame, will be 8 
altered by ſuch motion. 


Application, 


449. This experiment ſhews, that reRilineal feen. 
motions do not influence the times of Vibra- N not influence 


| he times, &c. 
; tion (442) : but it is here underſtood, that every N 
point of the machine, as well as its center of gra- 
vity, deſcribes a ſtraig ht line; for in ſuch caſe 
only, will the hike keep parallel to its firſt 


poſition, on which alone the Property de- 
wen * | 


—— 


— Leta long beam of wood be fixed at PLATE XI. 
rightanglcs to an axis, round which let it move TIM'S 
om pivots: if the above machine be attached to 
the beam, at any diſtance from the axis, in ſuch 
männer, that the plane of the Ballance be paral- 
lel to the axis of the beam, the relative ee 
of the Ballance with its frame, will not be, altered 
Nee of the beam round its Axis, What- 


7» — — 1 ah hs RS ER 


__—_— 


0 Though reRtilines) motion does not of itſelf any how, in- 
* fivence the times: of Vibration: it may, by increalMfig the fric- 
tion on the'Ballance-pivots, alter the length of Vibration, and 
by that means introduce the effect of any imperfection of the 


HBallance Spririg and pallets: but in Warhes where theſe are per- 
fect, ſuch friction will not alter the times. 


ever 


ne I iy, 
. _ 
C4 
. 
9 


7 ” _ * N 
2%; -— "WY : . 19 K 4 _—_— _ OPTI ” * _ 
— R J —"O 45 + — — 3 3 n „* — W w_ a 
N By i. * , ö a _ * 6a rid cad Hh ok : A_—— * e * 5 * 
2 -— > "os _ KY I a 2 8 - 1 3 * „ 4 B «FX * N * „ 5 
9 =o __ 1 * 8 . + 4 — . N R ” ö SF W ” * 
: 3 or 
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T 18 —— — — 
. — 


What curvilineal 
motions do in- 


fluenee the times, 


, EIT 
o ; ' 


is the leaſt. It may 


Saul; 


IxrUEKSE A E 
EXTERNAL MOz,, -. 


2817 
IIa 


IMPROVEMENT OF 


ver be tlie angle Gi velocity 


* 7 
0 ; er 221 8 


Application. 2 1 


„4 „0 * .ou 2 1 4 


of ſuch: motion, oh 
kik Uiſtanice- df-the machine from the rips 1100 


311 


I» } | + 013 


= 


, Us 8 
£ N 495. 3 } 


451, This experiment ſhews, that no curvi- 
lineal motions, that do not in ſome degree, in- 
cline to the directio of the Vibrations of Abe 


of 
© - £ 


4 


_ 
* 1 

& 7 3 

$ . 


f 
: 

: 

* 


ea je, 
that of the bean m; and thè relative motion of 
the Ballance on its ſcale, will always be às tlie 


= deſcribed ae the beam, without regard to 


—— ———— 


* 12 10 


325 . 


Experiment... 


— can n influence its times , Vibration.” 


« N 5 
175 N * 
* ts ＋ꝓ4 # * 58 WI 


Let the foregoing Reel be re- 


With. the axis of the Ballance 


parallel to 


* 


* ** af P 5 * 
? 


——_ 


* Therefore a Watch carried on u Kap cannot have its 
times of Vibrations influenced by any motion, 
whoſe axils are parallel to the plane of the Ballance. Hence the 
beſt poſition for a Watch that is carried on ſhipboard, is to have 
the plane of its Ballance nearly parallel to the decks: (unleſs 
Tome internal defect, arifing from the execution, ſhould render the 

erformance more imperfect, in this than in its other poſitions.) 
It is alſo to be obſerved, that the beſt place in a ſhip for laying 


or motions, 


"a Watch in, 1s near its center of gravity ; for here the agitation 
poſſibly -here be enquired, From what 1n- 
ternal defects a Watch does meaſure time differently, in its dif- 


ferent poſitions ? But ſuch enquiry being entirely foreign to the 
ory of 'Watch-work; (the defect ariſing ſolely from 


— general t 
5 imperfecl 


mer. 


3 
7 7 


ele f 


| s. of execution) I ſhall only here obſerve, that 5 a 
Match is adjuſted in fix poſitions, at right angles to each other, 
it will meaſure equal time, in all the other poſitions into which 


ir can poſſibly be put: be. ach 10 e n/ 5 0h of the for- 


| "whe 
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the place of the machine, whether at the center, IvrLvence or 
EXTERNAL Mo- 


extremity, or any intermediate part of the beam. 110. 
—— 


Application. 


453. This experiment ſhews, that the in- Pg of curvi- 
fluence of any curvilineal motion, even in the e motion. 
direction of the Vibrations of a Ballance, does 
only take place c. p.) in proportion to the angle, 
which it would make the Ballance deſcribe 
round its own axis (446) ; which is always equal 
to the angle moved by the beam *), without re- 
gard to the diſtance of the machine from the 
axis, or center of motion : and thus we ſee, why watches more in- 
the Vibrations of a Ballance are much more di- fluenced in the 


pocket than on 
ſturbed in the pp or in a carriage, than on ſhipboard, 


ſhip- board. 
454. The reſult of the fourth experiment may yp Curie mation 

alſo be expreſſed thus: The influence of any ex- gered, 

ternal motion, on the times of Vibration of a 

Ballance, is, (c. P.) as the deviation which ſuch 

motion occaſions in the paralleliſm of the ma- 

chine from its former poſition ; which alſo (by 

29 of iſt of Euclid), is always equal to the angle 

deſcribed by the beam. Sce Plate 12. Fig. 3. 
433. The following experiments all tend to Elte force of th, 

prove, that the influence of external motion, is, ins diminiſhes 


the influence of 


in all caſes, diminiſhed, by the application of a external motion, 


— 


0 Plate 12. - Fig. 3. 5 „5 
2 TT U Spring 


* — EEE Mo 1 n Whig 4 W : err Rr ran ů —a——U— > * 
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INFLUENCE or 
EXTERNAL MQ- 
TAR... | 
— —ͤ— — 


PLATE XII. 
FIG. 1. 


Influence of exter- 
nal motion equal 
in all Watches 


having equal 


tꝛzins, &c. 


motion, in the ſame proportion, that an increaſe 


NH arr { A me, CS; 


IMPROVEMENT OF 
Spring to the Ballance; and that, in proportion 


.z- © 2 ſtrength of the Spring; the — re- 


. the fame. 


Experiment. 


4.56. Let a Spring be applied to the akne, 
as repreſented in the Fig. and the index F, be 
made to move any number of diviſions on its , 
ſcale (as in former experiments); the motion of 
the point N, on the ſcale L M, will be dimi- 
niſhed by the exertion of the Spring; and with 
Springs of double and triple, &c. ſtrength, it will 
yet be diminiſhed /. Pi to a half and a third, 
8 

But a Spring of Jouble or triple, &c. 
1 LY would make the ſame Ballance vibrate, 
double, triple, &c. the number of Vibrations in 
the ſame time; therefore, (456) the influences 
of external motion on a fingle Vibration of a Bal- 
lance, will be diminiſhed with the time of its 
Vibration. Hence, alfo 

458. In all Watches having equal trains, the 
influence of external motion is, c. p. the ſame, 
without regard to the ſtrength of their relative Bal. 
lance Springs: for in each, the weight of the 
_Ballance, muſt have the fame proportion to the 
ſtrength of the Spring (409), and an increaſe of 


the former augments the influence of external 


of 
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of the latter diminiſbes it: as may be proved ex- INrrurven or 
perimentally, by applying rings of different rin. 
weights to the Ballance, (by means of the ſmall —— 
holes at N and O,) fo as to double or triple its PLATE XI. 
weight with the ſame Spring. a 
459. And though ſome of the foregoing ex- hors pus opt 
periments are made on Ballances that have neither er reſt 
the action of a Spring or wheels, to give them &. 
motion (446, 448, 450, 452), and all the others 
on Ballances at reſt (4 56, 458, ) where the external 
influence always generates motion in the Ballance, 
which is not the caſe with a Ballance that per- 
forms its Vibrations during the experiment; for 
its motion will be increaſed or diminiſbed, as it 
happens in the ſame, or a contrary direction with 
the external motion. But, : 
460. The relative influence on a ſingle Vi- [fences the | 
bration, would be the fame as above ſtated, Ballance ve in mo- 
whether the Ballance was at reſt, or vibrating, g. * 
at the beginning of each experiment: or whe- 
ther the external motion happens to oppoſe, or 
_ conſpire with, that of the Ballance : See Sir 
Is AAC NEWTON's II. law of motion“. 8 1 | 
461. Having thus laid a foundation, for di- IntreduAtion to the 
miniſhing (443, 449, 454), as well as eſtimating, 5 
the influence of external motion, on a fingle Vi- 


Hence thoſe Watches whoſe Ballances, when at reſt, are 
| leaſt liable to be diſturbed, or begin their Vibrations by the in- 
| fluence of external motion, have their Vibrations alſo leaſt in- 
fluenced. | So 


Us Eration 
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INFLUENCE or 
EXTERNAL Mo- 
TION. 


eee Pega Dana 


Illuſtration, by a 
Watch on ſhip- 
board, 


In a double REA 
of Vibration, the 
influence only 


half, 


Ard diminiſhed by 
increaſing the 
maintaining 
power. 


IMPROVEMENT or 
bration : : now come to conſider its effect on 


many. 


462. If a Watch be 10 placed i in a ſhip, that 


the axis of the Ballance lies parallel to the axis 


of the ſhip's greateſt motion; and the angular 
motion of the ſhip be equal, to the angle of Vi- 
bration of the Ballance, and performed in the 
ſame time : if thoſe two equal angular motions 
happen to oppoſe each other, the former will de- 


ſtroy the latter (452, 45 3), and the Watch come 
to 6p: 4 Burj © 


If the angular motion of the Ballance 


kad ws double that of the ſhip ; the latter 


could only have deſtroyed one half of the former 
(453). And gp” hae | 

464. The influence of eas motion will 
be (ce. par.) in the inverſe proportion of the 
angle of Vibration of the Ballance to the angular 
motion of the ſhip (4.62). But the angle of Vi- 


 bration' increaſes, with the maintaining power; 
therefore, the influence of external motion is di- 


miniſbed 17 RC phe maintaining oe 


(463). 


Tf two Vibrations 
be performed, the 
one corrects the 
other. 


465. If one — andy be eral du- 
ring one motion of the ſhip ; it will be accele- 
rated or retarded (4.60) in the above mentioned 


proportion (464): but if ru Vibrations be per- 
formed, each will receive half the influence, that 


1 is, the one will be accelerated as much as the other 
- retarded (460); and . both be per- 


formed 


WATCH-WORK. — 
bend in x the ſame time, as if no external cauſe IvrLvance or 


EXTERNAL MO- 


had influenced them : Thus, 1 
466. Vibrations of half the duration ER 


edicts advantage; for the fame cauſe, will Ibo of half 2 
only produce half the effect (4.52), and they alſo ate advantage. 
have a double chance of correcting each other | 
(465) : add to this, that if the whole cauſe did 

take place, its effect would be diminiſhed by the 


ſuperior ſtrength of the Spring (456). Hence, 


467. The influence of external motion, on the The total influ-. 


ence of external 
performance of a Watch is aiminiſhed, at leaſt in motion in the in. 


the inverſe duplicate proportion of its train : (or 3 


proportion of the 


number of beats i in a * rms). And there- train. 

fore, | | 

468. If two Watches be made in every reſpect application. 

alike ; only that the one ſhall vibrate foe, the 

other fix times in a ſecond, the relative influences 

of external motion on thoſe Watches will be, 

inverſely as the ſquares of their number of Vi- 

brations : that is, on the former, to the latter, as 

36 to 25: Hence“, 
469. We may reaſonably entertain hope of Inference. 

- diminiſhing the influence of external motion by 

ſuch means, (and without any additional parts) 

to ſuch a degree, as will ſcarce leave a chance of 

a Watch with one Ballance, ſtopping in the 

Leeder 


4 7 


1 ** * 4 _ 
A 0 — x” . 
— 


1M It is bike ſuppoſed that the angles of Vibration are. . 


in ſuch Watches. 
470. And 


1. 
*k & 
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Iervexcs of 450. And this merits the more ſerious atten- 
n. tion, that it ſeems the only means of introducing 
— — frong Ballance Springs and heavy Ballances, into 
2 - og Pocket-watches ; for until the chances of ſtoping 
firong Ballance (or ſetting) in the pocket, are much more dimi- 
Springs, ke. niſhed than at preſent * ; we muſt continue the 
Half timing, practice of HALF-TIMING ; that is, rendering the 
_ exertion of the wheels equal or nearly fo to that 

of the ſpiral Spring, on the Ballance, at beginning 
_ of its Vibrations: the diſadvantages of which, and 


the advantages that may be gained by a P 
Practice (468, 460), will appear more evident, 
1 ing what is ſaid in the former Eſſay from 
Gn ky 79); which is e applica e here 
h T 3 
Objection. 5 85 71. I doubt not, chat ſome wilt buys —_ 
1 8 Vibration has its friction, &c. and con- 
ſequemiy, chat by increafing the number of Vibra- 
tions in a given time, the friction and influ- 
es of whe oll are tibial: and the per- 
; | formance thereby much hurt, and the Parts 
F fooner impaired. But, - 
To be anſwered 472. Thus mentioning the 4 
hereafter 
ö e e e wee. 


K—— 


* ” * . . — 
— _—_ — — 


: * 


— 


0 Thus it appears, _ the Ballance 6 in all — 
watches, is made nearly of the ſame ſtrength with the action of 
che wheels: for if a Watch having a ſtrong Spring, and heavy 
Ballance, happens to ſet in the pocket, by means of any ſudden 
Jolt, it muſt continue at reſt, till again put in motion by its 
wearer, or ſome other motion equally violent. 


tice : 
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tice: and before this Eſſay is concluded, I ſhall . 
endeavour to fhew, not only, that the train may r. on. | 
be increaſed to the degree already propoſed (468), ana 
but even doubled, without increaſing the total 

influence of the oil, or friction, beyond what now 

takes place in the beſt Ka Watches with 

common trains: not to mention the diminution - 

that a due increafe of maintaining power may 

_ occaſion in the effect of ſuch influence of the 

oil, (413. 161 to 164.) 

473. Having now pointed out the means Inrodufion tothe 
that appear to me, the moſt ſimple and advan- * fed. 
tageous, for diminiſhing the influence of external 
motion in ALL PORTABLE MACHINES ; and the only 
means by which it can be diminiſhed in 4 
Watches, with one Ballance; to fuch a degree as 
to admit of a general reformation of principle 
(470), I ſhall now mention the means that have 
been heretofore uſed for this purpoſe ; leſt I 


ſhould be accuſed of having here invidiouſly pa- 

ſed them in ſilence. 
474. Dr. Hook about the year 1658 applied p. Dr. Hook's mes 
to Watches, wo egual Ballances, fo connected 

that they ſhould vibrate equal angles, But in con- 

trary directions; by which means the one muſt 

always be accelerated as much as the orber is re- 

tarded, by the influence of any external motion; 

and thus, their nean motion could never be alter- 

ed L by * external influence. 

f 475. If 
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EXTERNAL Mo- 


TION, 
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Illuſtrated. 


PLATE XIIL 


FIG. 1. 


e BY 
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475. If the experiment (446) be made with 
e machine repreſented in Plate 13. Fig. 1. 
each Ballance will have the ſame relative motion 
with the frame; and thoſe parts of their circum- 
ference that are neareſt each other will have 


equal relative velocities in contrary directions (as 


repreſented by the darts) and the Ballances are 
ſuppoſed equal alſo: therefore, if their circum- 


ferences be any how connected, thoſe equal and 
contrary motions of the. Ballances will cars ü 


| —_ other *. 


Its 1 inconvenien- _ 


cies, &c. 


476. The above very ingenious contrivance; 
. its author to be intimately acquainted with 


the laws of motion, and quick in their a pli- 


cation: but here the re falls ſhort ' of the 


theory ; ; for when the Ballances are connected by 


means of teeth, there ariſes a reſiſtance, which, 


however ſmall, when applied in this 220% dobiente 


part, will tend: to diminiſh the momentum of the 
Ballances; and if che leaſt ne 7 4 action 


1 8 3 _ * 
"wo 8 


— 1 * =” — — — — — 
* 1 . ; % > * ? * „ 1 — . — 7 * _ > oo — 
4143 


9. I * la a Watch, d in hs ok 171 wg vith i inten- 
tion to diſcover the longitude,” (as appears by an inſcription on 
it) in which, amongſt ſeveral laborious contrivances applied, 
were two Ballances; each of which had on its axis a pinion, 
and both of them were moved by the ſame wheel, on whoſe 
axis were the pallets (ſee Plate 13. Fig. 3.): by: which means 


both Ballances were made to move in the /ame direction, and 


conſequently (475) rendered as hable to the influences of ex- 
ternal motion, as one Ballance. This ſhews, how general rules, 


or even the beſt principles, may be miſapplied, when their 


elements are not properly underſtood. 


ſhould 
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ſhould take place near the extremity, or vertex I*rLvaxce or 
of the Vibration, it muſt be attended with the T:ox. 

) moſt pernicious effect. But, ä 
477. In order to diminiſh the above incon- How diminiſhed. 
veniencies, the Ballances were connected by 
means of two ſmall wheels, fixed on the arbors 
of the Ballances, as repreſented by Fig. 2. Plate 
13.“ and though ſome ingenious means have PLATE — 
been uſed, to evade the irregularities of action in 
ſuch Wheels, I paſs them here, as alſo attended 
with their i inconveniencies, and in every reſpect, 
leſs fit for general uſe. 
478. Mr. Hucens has, in his Marine-clcks 3 me- 
already mentioned (2 16), uſed 2 different method 
of removing the influences of external motion; 
by preſerving the paralleliſm of poſition (4 54) 
but though this might, if perfectly attained, have 
the deſired effect on the Vibrations of a Ballance, 
where the centers of gravity and motion coin- 
cide ; it would by no means have the ſame effect 
on the Vibrations of a Pendulum (where they 
do not); but the Pendulum can never be ren- 


It is not improbable that this method and manner may, 
with ſome further i improvements, be yet applied to good pur- 
poſe in Pocket- watches; in which caſe the weight of the Bal- 
lances, and ſtrength of their Spring, (or Springs) may be in- 
creaſed at pleaſure. But it ſeems not clear, that diminiſhing 
the ſize of thoſe wheels that connect the Ballances, to any 
great degree, is advantageous, ſince by ſuch means each tooth 
mult ſubtend the greater angle at the center of the Ballance; 
and conſequently be the more liable to the 1 inconyeniency men- 


tioned i in Par. 476, | 
5 X * dered 


15k 


| Ineivencs or 
EXTERNAL Mo- 
TION. 85 
4 t * 
9 


Mr. Harriſon 
united them in the 
ſame machine. 


Introduction to 
remarks, 


Mr. Hugens's | 
only fit for large 
machines, 
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dered fit for any portable machine, even at Tea, 
for reaſons too many to be here mentioned, 
as no material advantage occurs tome hike would 
follow. e 

479. Mr. Jon Hindu of Red Las pd, 
hal, in each of his three large machines for mea- 
ſuring time at fea, united both thoſe methods of 
diminiſhing the influences of external motion ; 
and difplayed great mechanical abilities, in di- 


55 miniſhing the friction, and making the centers 


of gravity and univerſal motion of the whole 
machine, more nearly to conicide than in Mr. 
Houczns's Clocks : but I avoid any remarks on 
the properties, &c. as there is reaſon to expect a 
full account of all his ingenious performances 
will be ſoon made p 


480. Having thus mentioned the different 


methods that may be uſed, for diminiſhing the 


influences of external motion (468, 474, 478): 


1 ſhall conclude with a few remarks on their rela- 
tive advantages. 


481. Mr. Hvuczns's method, ü its OR i 
and ſize, can never be applied to Pocket-witahes 4 


and therefore its uſe is wholly confined to ſuch 
machines as are carried on ſhip-board : nor can 


its effect in thoſe be perfect, unleſs the center of 
gravity of the whole machine coincide with its 


center of univerſal motion, and the friction of its 


ſuſpenſion be totally annihilated : in which caſe, 
thou gh the whole machine would have no ten- 
"ps "n_y 


WATCH-WOR K. OY 
dency to vibrate, it would retain an tion, InFLUBNCE ow 
which by accident it had got: and yi EXTERNAL MO 


8, a NEW TION. 
inconvenience and error in the performance n 
might ariſe, owing to the machine going in an 
unuſual poſition; (probably upſide ie ; nor 
can the friction of ſuſpenſion ever be removed 
to ſuch a degree as to prevent this inconvenience : 
if it could, TEE LONGITUDE might be aſcertained 
without any meaſure of time. Let us then con- 
ider the effect of rendering the center of gravity 
ſeo much lower than the univerſal center of mo- 
tion, as would regain the former poſition of the 
machine, if by any means loft. It is obvious that 
by ſuch means, the influence of any motion of 
the ſhip, would be diminiſhed during its time of 
continuation ; but the effects of ſuch motion 
would be nino while the machine retained 
thoſe Vibrations, of which the ſhip's motion 
was the firſt cauſe (45 3); from which it would 
ſeem, that a diminution of friction continues the Diminution of 
effect for ſeveral Vibrations, if it diminiſhes it in ju pop" 
one: hence, itis more calculated to diſtri bute the = gry = 
influence of the ſhip's motion among many & 5 
N than to  Eeftroy: it. 


* — 


1 every V 08 of the machine will JED the ſame ef- 
feR, as if the ſhip had moved an equal angle (453). 
+ This method of preſerving the paralleliſm of the 8 M 
may in ſome caſes be uſed, to remove the riſque of ſome parts of 
the machine being diſplaced, bent, or broke. But this ſup- 

| poles very great imperfection in the conſtruction. 


X 2 . 


* x 
os + 
1 
DL. - 
vw 2A 
#0 
«4 
2 
1 
1 
br 9 
: 1 
*. 75 
1 ** 1 
[1 » i 
I 4 A 4 
* 1 
| a1 1 
" 1 
a2 A 1 
j A 
«© 54 
+ d 
4 a 3 
i4 ”w 
+47, 908 
* ” LE, * 
9 =. 
af - 
! 
1 
1 
« = 'a 7 
8 
# 
" 
* 
! * * 
? - 
4 N 1 
4 F, 
£ o 
* I 
4 1 
| © 
o : # 
4 _ 
, | | 
4 1 f 
4 9 
fl 
5 x | * 
« 
4 
1 7 
7 ; 
1 ö 
þ ? 
[ # 
4 7 * 4 
* 4 
ö += 
 - _ 
war 
& 0 bz c 
i = 
j _ © "B4 
LE 
: 
1 
. 
{ ” 
* 
1 
: 


£ 
2 
2 
. 
4 
@ 1 
* 
1 
1 
* 
LEY 
* 


| * G 
ps "+ 2 es by . b * 8 3 
7 = þ Fe CU >; - 


| a OF? 
EXTERNAL Me- 


Dr. Hook's me- 


thod incomparable , 
in theory, 


2 E. 4 AM * * 
"a * IN SE — = * a a 1 a 

. * N * «36 ” # Yo 3 4 5 l : * A 
* 3 7 * CER * e £ 9 2 DC Cr * 2 * 2 * Fe FM 1 "OY a w 
rs. a, SLY . - 7 - . 4 = SS ai i * 2 * 52 - 2 Lf Pe WP " 8 

— mY — * 0 — ETFS _ * : 4 = or 8 1 E _— 9 "— = Ai. 

\ . N : - K = * — — — > 
4 > a * — - _ a 6 : 2 
* » — — pa * — 3 . - A — 
. — — 
An. 4. * , 2 
5 r - LS 0 


* . 9 
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to any of the other 
methods, ſo far as train 


the nature of ma- 
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482. Dr. Hoox's method with a double Bal- 
Use, would moſt: certainly Have all the deſired - 
effect; if the inconveniencies already mentioned 
could be removed (476); in which caſe, it would 
in every reſpe& be ſuperior to Mr. Huczxs's: 
for it would totally remove the influences of any 
external motion; by which means every advan. 
tage of a heavy Ballance and ſtrong Spring might 
be introduced, even into Pocket-watches. 

483. The method propoſed for diminiſhing 
the influence of external motion by increaſing the. 
(468), is entirely free from the inconveni- 


cerials will admit. encies of Dr. Hoox's (476); and if the influence 
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of the oil, on the Ballance pivots, be increaſed in 
the former, as the number of Vibrations; it is 
doubled in the latter, by having twice the number 
of pivots : and when we conſider, that by ſhort- 
ening the time of Vibration, the 1 of 
the external motion is alſo reduced (466) ; 

that if the time remained the ſame, the in- 
fluences would be diminiſhed, as he weight of 
the Ballance to the flrength of 2 Spring (456); 

that when two Vibragons are performed during 
one motion of the ſhip ; the one correcis the other 
- 4 5) : and hence, thi it is, the odd Vibrations 
only, that are influenced; and that, in the in- 
verſe du plicate ratio of its time, to that of the 


1 external motion (464, 46 3), that the more fre- 


quent (or quick) the Vibrations, he more com- 
meaſurable do the times of two Vibrations become 
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to the time of one motion of the ſhip ; and if etui or | 
we add to this, that by thus diminiſhing nnn 
fluences of ee motion, we alſo dimininnRn! 
the proportion that the maintaining power bears 
to the whole motive force of the Ballance ; we 
ſhall ſee good reaſon for preferring this, to any 
other method, /o far as the nature of materials 
and oil will au. 

484. Having thus endeavoured to ſhew, how Concluſion, 
external motions influence the times of all por- 
table machines ; and what are the advantages, 

&c. of each method of diminiſhing ſuch influence *; 

I next enquire into the advantages that may be 


gained by the different ways of N the 
momentum of a Ballancte. 


— 


mn. 


* It has already been obſerved, chat 3 any external mo- 
tion oppoſes that of the Ballance, che utmoſt effect it can have 
is to ſtop the Watch. On the other hand, if it increaſes the 
motion of the Ballance, its utmoſt effect will be, to make the 
Ballance BANK ; i. e. to make it ſtrike againſt the limits of its 
greateſt Vibrations : for by this means ſeveral ſubſequent Vibra- 
tions are ſo much accelerated as to become very ſenſible to the 
ear. But this evil may be very much diminiſhed, if not anni- 
hilated, by making the Ballance communicate its exce/5' of mo- 
tion to ſmaller ones, which have no concern with the meaſure of 
time, and againſt which the main Ballance is made to bank, as 
repreſented by the 4th Fig. of Plate 13th, where the ſmall ſpiral 
Spring ſerves. only to keep thoſe Ballances to a certain polition, 
in n the other me me find them. . 
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Introd 1 


Motive fries of 


the Bal lance, | 


It bears a greater 
proportion to the 
action of the Bal- 
lance wheel in 
long than in ſhort 
Vibrations. 


E of the wheel 
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Of the) — of the Ballance.. 


465, Since the « exertion of a Sprin is as the 
8 to which. it is bent (408); it follows, that 

no other force actuate the Ballance, its motive 
force will be, in all its Vibrations, as the ! 
of the Vibration ; and conſequently, the ſpaces 
deſcribed, and the motive farce, will be exprel- 
ſed y the ſame nv 1 

486. And if in Kamal 72 SA the ſhorteſt 

Via that can allow. the wheel to eſcape the 
pallets, . be Fre by one: the maintaining 
power will alſo be xpreſſed bye one (470), and the 
motive force of HA Ballance, be equally compoſ- 
ed of the action of the wheels, an d Ballance 
1 If the Vibration be increaſed by the ac- 
Is accumulated. in the Ballance, 
as 25 3, 4, 5, 6, :&c: the exertion of the 3 
Spring will increaſe in the Tue proportion (48 55 
and the naintaining. p g the fan 
will only conftinne + 
the matte mines of hi i 


** 1 * e JA x — _ — 


1 And aides this whoptitivir af t the alle motive fokce of: Wick 
Ballance to the maintaining power, is thus increaſed as the 


length of the Vibration, it follows, that every endeavour ſhould: 
be uſed to enlarge it; and that ſuch changes as may happen in 
the aden (80) power, will cauſe leſs error with long than ſhort 


Vibrations (80 
488. * 


WAT C H-W OIR K. 159 

488. Any change that happens in the main- Monenrom or 

aig power, will bear a leſs proportion to the 

whole motive force of the Ballance, in its longer 

Vibrations than its ſhorter ones, and | conſequently 
(80), will leſs alter the times. 

489. The influence of external motion is alſo Influence of exter- 


diminiſhed, by increaſing the angle of Vibration in hog * 
(464); cherefore (488), every e ſhould 
be uſedd to enlarge it, and to remove every cauſe 
that can have any tendency to diminiſh it: as 
friction, influence of the oil, and the reſiſtance 
of the air; of which hereafter. 
490 And thus it appears (488, 489), how Concluſion, rela- 
ese it is, 70 increaſe the MOMENTUM of = Af ig Vi 
the Ballance, by increaſing its length of Vibra- vrations 
tion; and the length of Vibration increaſes with | 
ty maintaining power: hence, &cc. 
401. But the velocity, and conk den the Increaſed by aug- 


MOMENTUM of a Ballance, may be increaſed, by a of ths. 
enlarging its diameter: and though this method 9 
does not diminiſh the influence of external motion, 
it does the riſque of breaking or bending the 
Ballance Parke by a fall or any other violent 


A'S ; but if the friction on | the pivots be di- 
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On this account, when the dil becomes glutinous on the 
Ballance pivots, the Vibrations become ſhorter, and ſenſibly 


quicker, even though che diminution of recoil has a contrary 
tendency. 


miniſhed 


7 


4 160 


MomENTUM or 
THE BALLANCE. 


Increaſed by aug- | 
menting the weight 
of the Ballance, 
&c. 
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miniſhed by this welten de e ef. 1 air 


is augmented *. 


492. Since the MOMENTUM ir as the cudaticy 


of matten into the velocity, it may be augmented 


by increaſing the former, as well as the latter: 


Hence, a Ballance of twice the weight will (c. p.) 
have double momenTUM; and an equal effect in 


correcting the irregularities: of the maintaining 


Power, as one > of, tris. the. Garner, aud if 
the weight. 1 


493- And if the en on the pifors bei in- 


creaſed as the weight +, the reſiſtance of the 
air will be Kminihed in the 1 proportion 
of the diameter : hence the onl y article which 
renders this method of increaſing dhe momentum 


inferior to the former (491 I * is hows ae * 


Increaſed by the 1 


number of beats, 


with the advan- 


tages therefrom. 


of the pivots, by falls, & 
494. Laſtly, if the ber U bed augment- | 
by increaſing; the ſtrength of the Ar; 10 


Springs and t bt Ie oy” 2 beats ; 


1 
a. — 


2 — 1 — — 


Lo ® And unleſs al the Vibrations of the Ballance' and * 
are tru 1 in their detached ſtate, and the maintaining 


power 
any change that happens in the denſity of the air, will, by al- 


ſo applied as not to diſturb thoſe natural properties, 


tering the length of the Vibrations, introduce ſuch errors; and 


that more or leſs, (c. p.) in Proportion to the total increaſe of 


reſiſtance. 
+. The friction on the 8 pivots may he much l 


niſned, by applying two Springs to the Ballance, attached to 


its collet, ea oppolite to es other, as in Plate 12. 


Fig. 4. 


— 
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will have all the advantages of the former me- Monznrun or 
- thods in correcting the effects of any irregulari-— 
ties of the maintaining power: and, if it increaſes | 
the friction on the pivots, and the reſiſtance of 
the air ; it diminiſhes the influence of external 
motion (469), to fuch a degree, as to prevent the 
danger of a Watch ſetting in the pocket : and by 
that means paves the way for ſuch increaſe of 
- momentum; by either or both the methods laſt 
mentioned (491,- 492), as may give to the Bal- 
lance in Watches, the ſame advantages in regu- 
lating the motion of the Wheels, as Pendulums 
f •⁵mgd̃ můͥ»unuͤͥ mm 3 0, 
- 495. n thus, ; _ the N performance of Concluſion, 
Watches be made, in this reſpect, to approxi- 
mate that of Clocks, as much as the nature of 
| things can probably admit: and if due regard 
be paid to what has been formerly ſaid concern- 
ing the influence of external motion (4.52), any 
further attempts of diminiſhing its effect on ma- 
chines carried on ſhip-board, will be rendered 
unneceſſary, even for the nicer purpoſes of navi- 


, the THERMOMETER. 


490. In order the better to inveſtigate the latroduction. 
real effect of each particular cauſe, the tempera- 
ture of the air, has hitherto been confidered as in- 

0s variably the ſame ; but now, the effect of ſuch 


changes 


* 
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Influence on the 
main Spring. 


On the oil. 


Fl. 


TMPROVEMENT: OF 


changes as happen therein, together with the 


moſt; effectual means of removing themgi claim 
our. whole attention. 


497. Heat dilates, ws ld, and all te 


tals ; hence, the main Springs of Watches, &c. 


act more or leſs - vigorouſly in proportion to the 
degree of heat or cold to which they are expo- 
ſed: and if no other cauſe of error took place in 
Watches, , with pallets of tbe common conſiruction, 
they would 90 fafler i in cold. n in warm wen- 
ther. 1 95 n i? 29 

498. C 2 mien all thick,” gl wars 
—_ it more fluid : and if this cauſe alone, 


. took place, it would (by an increaſe. of the main- 


Thoſe two influ- 
ences oppoſe each 
other, &c. 


other: and the effect that any remainder 


Influence on the 
Ballance and 
Spring. 


taining power), make Watches go faſter i in warn | 
weather than in cold. But, 


499. As the immediate Gnfluence. of; 5 0 ay 5 


the main Spring, tends to diminiſn the maintain- 
ing power (497), and its influence on tlie oil ap- 
plied to the pivots, to increaſe it (498), thoſe 
two errors muſt, at leaſt; i in part, correct each 
would have on the meaſure f time, may be to- 
tally annihilated, by conſtructing the ng ſo 
that the maintaining power, ſhall prolong the 
time of one half the Vibration, as much as i: 
contracts the other. Of which" herca fror, 
500. Heat lengthens the Ballance Sri 


| al enlarges the diameter of the Ballance, both | 
ing the Watch go 


which effects co-operate in makii 
— 4 Lower; 4 


, * * 44 — 
N * 


lower; N the nf ; OE as | thoſe effects Or Bel 55 8 


are wholly: independent of the pallets, they rſt 


be Gama by ſome other means. 


 fends (c. p.) on the length o 


bration does not 


uch par 1 of 1 its depend on the 


Spring as 48 in the Vibration, * „ 1 Wotane bers natal 
the Ballance 

to its whole length: and therefore, if the ſame Spring. 

cauſe, that enlarges the diameter of the Ballance 

be made to ſhorten the acting op of the Spring 

in a due proportion ; and the contrary ; the 

times of Vibration will remain the ſame. 


... £02, I ſhall therefore here deſcribe one method 88 ＋ the 
of adjuſting the length of the Spring to the dia- Thermometer. 
meter of the Ballance, in ſuch manner, as will - 


render the times of nien equal, without re- 


gard to the degree of heat or cold to which the 
Watch is expoſed : and though the TüERMO- 


501. The time of Vibration 0 77 a Ballance de- The time of vi- 


METER here to be deſcribed, is adapped to an un- 


common conſtruction of a Watch, wherein the 


Spring lies above the Ballance; when the prin- 


— 1 - Us! 


ciple is properly underſtood, the ingenious me- 
chanic will eaſily diverſify the contrivance, ſo as 
to;ſuit his particular purpoſe. 
503. Fig. 1. Plate 14. is a ſteel ring with * PLATE XIV. 
yeral pins to it ; on which are fitted as many 
ſmall rollers as repreſented i in Fig. 2; to this ſteel Deſcription, 
ring is ſcrewed one of braſs, cut as repreſented i in 
the fame Figure, and made by its elaſtic force to 
preſs againſt each of the ſmall rollers, which li- 


mit the extent of its circumference. | 
* 504. Now 


as 71 be: — 


164 


Or THE Tux - 


| MOMETER. 
— 


PLATE XIV, 
Fi. 2. 


Tie. 3. 


IMPROVEMENT OF 

504. Now as the expanfion of braſs exceeds 
chat of ſteel, it is evident, that any heat applied 
to this ble ring, will bring the ends of the 
braſs ring nearer to each other; and cold will have 
a Tontrary effect: and ſince the one end is 
ſcrewed to the ſteel, its exceſs of expanſion or 
contraction will ande. very ſenſible at the other 
end; and may be aſcertained to a nicety, by = 
plying a gender Index, as ene by che 
dotted lines in Fig. 2. And 

50 5. If this braſs ring be made to at on the 
one end of a lever (moving concentric to the 
Ballance), and to the other end of which, the bal- 
lance Spring is attached (as repreſented in Fig. g.); 


the expanſions and 2Ontracnons of the braſs ring 


may be made to move the Ballance- Spring be- 


manner as will render its | exertion, in all cafes, 


pro 


tween two pins, ſo as to limit its action in ſuch 


portioned to the diameter of the Ballunee, 


and by fuch means, render the Vibrations (ſo far 


on Which the braſs ring 
Ballance Spring is eg t 
|  Ballance Spring, and the 


Fi. 4. 


as 3 on this caute) iſochronal: The lever 
acta, and to which the 
with the 
pins which limit its 


action, are repreſented by Fig. 4 . detached from 


all the other parts; and thofe pins may be ren- 
dered moveable, fo as to regulate the Watch, 


. th Ins on Ther- 


S. 


F506. Fig. 
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506. Fig. 5. repreſents a method of increafing Or xg. Ties 

or diminiſhing the mfluence of the Thermome- ———- 

ter (without ſtopping the Watch), till the per- pLATE XIV. 
formance in different degrees of heat and cold, 
prove it equal to its e ed purpoſe: here the 
braſs ring (503), acts on the lever to which the 
Ballance Spring is connected, y means of another 
lever, whoſe center of motion is moveable by 
the ſcrew at A, fo as to alter the effect, at plea- 

ſure. 


50%. Fig. 6. with its appendages, repreſent PLATE XIV. 
ſeparately, and in different views, the levers, &c. 


of which Fig. 5. confifts (excepting the parts 


repreſented by Fig. 2.) — Fig. 7. is a ſection of 
Fig. 5. along the line A B. 


508. The advantages of this Thermometer Advantages of this 
are, chat as all parts, of the ſurface of the braſs Thermometer 


ring are fully expoſed to the fame air, that in- 
fluences the Ballance and its Spring; it will be 


influenced thereby, at the {ame inftant with 
them: and, if it be made of a mean thickneſs” 
berween that of the Ballance and irs Spring, with 
pos allowance for the greater motion of the 
Ballance “; the influences "of heat and cold on 
it, will exattly keep pace with, and equal thoſe on 
the Ballance and its Spring : which can never 
8 5 with e that 5 Pla 


— ll... _— — 
— 8 


— 


— 


4 See the denden of Clock W (328, to 331). 
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IMPROVEMENT OF 


part of their ſurface to the air, and are ſo con- 
nected with larger maſſes of metal, that they can 
only be heated or cooled with them; and conſe- 


quently, cannot apply the remedy before the evil 


Advantages of this 


Thermometer. 


has had its effect, at leaſt for ſome ſhort time. 
And, 


509. The 8 of ſuch Thermometers 


will alſo be leſs liable to decay, through courſe. 


of time, than in ſuch as have not all the parts of 


their metal, equally compreſſed or relaxed by 


any changes that may happen in the temperature 


Influence of the 
air on the time of 


| Vibrati on. 


of the air. And, 


510. As the different . of the air, 
have a E . to alter the length of Vibration, 
and by that means introduce ſuch remains of 


error as may yet take place, from a want of abſo- 


lute natural iſochroniſm in the Ballance Spring: 


it is proper here to obſerve, that as ſuch denſity 
of the air depends in a great meaſure, on the de- 


ee of heat or cold; its influences on the times 
of Vibration muſt have an uniform tendency, 
either to increaſe or diminiſh ſuch errors as ariſe 
from the influence of heat and cold on the Bal- 
lance and its Spring : and conſequently, while 


ſuch error is in any degree ſenſible, it may be 


Concluſion, 


corrected by the Thermometer (506.) | 
511.  FroM ALL WHICH IT WOULD APPEAR 5 


that the influences of heat and cold, may be very 


nearly, * not altogether as Eo CFO in 
. Watches 


>. 


* 


DOA In no —— — 


WAT C H-WO RK. 

Watches as in Checks * ; and the exertion of the 
Ballance Spring made to preſerve the ſame pro- 
portion to the vis inſita of the Ballance, as much 
as the exertion of gravity does to the vis inſita of 
the Pendulum; and conſequently the Vibra- 
tions of the former be rendered as iſochronal as 
thoſe of the latter. 

512. I now come to conſider, ſeveral articles 
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INFLUENCE OF 
THE OIL, 


— —-—-— 


relative to the nature of pallets, that may yet tend 
to influence the times of Vibration; and to point 


out reaſons why Watches conſtructed on the ho- 
rizontal principle, muſt in their preſent fate, 


perform much worſe than contrate wheel Watches 


if the principle of the former was only equal to that 
of the latter. 
513. It was farmeriy obſerved,” that, zhe 


influence of heat" and cold on the oil, was of a moſt 
pernicious nature; as no remedy could be applied 
by an oppoſition of the expanſion of metals 


Influence cf the 
oil, &c. | 


(1 5 f therefore ſhall \ enquire into the compa- 


rative degree in which 7his influence takes place 
in horizontal Watches, and thoſe of the com- 


mon ions principle. 
| It was ſhewn in the former Eſſay (168); 
that 1 influence of the oil was always c. þ J 


as the relative velocity of the parts to which it 


was applied : and we how it was to be eſti- 


— 


* In Clocks, the influence of 5 and cold may always be 
diminiſhed, while they remain in any degree perceptible. 


we A 


mated 


How eſtimated. 


168 


Ixrluzucr or 


THE OIL. 
6 
N "V- 


Comparative in- 
fluence on the ho · 
rizontal pivots. 


| Influence of the 
Ballance pivats. 


IMPROVEMENT OF 


| mated on each part of any machine (169) ; the 
ſame method is obſerved in eſtimating 
ences in the following table, where all the com- 


its influ- 


parative dimenſions of the Poets, Cylinder, Ho- 


 rizontal-wheel and Ballance, are taken from an 
accurate meaſure of thoſe parts, by the SeQor. 


A TABLE ſhewing the comparative | 


51 
influence of the oil en the pivots of each wheel 


in a Watch, with a train of 18,000. 


1 — ET] . 
Firſt wheel 12 n 
| Minute wheel | 6 | 4 24 
Third wheel JT 
| Fourth wheel | 21240 | 600 | 
1 — — 2 | 2400 | 4800 þ; 


446. Thus it appears, that the 5 4 4 


; Fs oil on the horizontal wheel pivots alone, is 


ſix times as great as on all the Wy taken toge- 


ther : therefore, if the influence on all the pivots 
be expreſſed by 7, that on the horizontal wheel 
will be 6; . . influence on all the others, 


One (51 9. And, 
517. Becauſe the horizontal wheel has 15 
teeth, and every tooth has its puſh at each edge 


ol the cylinder, it follows, that 3o Vibrations 
bp the Ballance will be performed, "bi every re- 


volution 
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volution of the wheel: and if, at a medium, we laufe: or 
ſuppoſe the Ballance to move one third of a turn 
at each Vibration, the motion of its pivots, in 30 
Vibrations (or one turn of the wheel), will be 
equal to Ten entire revolutions. Therefore, 

518. If the pivots of the Ballance, had been To that on all the 
of equal ſize with thoſe of the horizontal wheel, © 
the influence of the oil on the former, would be to 
that on the latter, as 10 to 1; but the diameter 
of the Ballance-pivots, are to thoſe of the wheel, 
only as 3 to 4; and- conſequently, the influence 
on the former will only be to that of the latter, 

(in round numbers), as 7 to 1. And 

519. The comparative Achte ge on all the Comparative, on 

Pivots of a Watch, may be een as follows. n 


horizontal 


Watches. 


| | fr, 2, 3 and 4 wheels aber 1 
on 8 o Horizontal wheel | — — 6 
Bloor hg 3 F 42 
On all the} pivots together, „ 49 


520. And as the ſizes of the pivots, and wayne? ag renee 
number of revolutions, are the ſame in contrate | 
wheel Watches, as in horizontal ones with the _ 
ſame number of beats; the influences of the oil | 'Þ 
would be equal on the pivots in each, if no recoil FF 
took place: but let us on account of the recoil 
(or retrograde motion) ſuppoſe the influence on 
all the pivots of the wheels in the contrate Watch 
| & to 
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THE OIL. 


— 


On contrate wheel 


watches. 


Influence on the 


edges of the cylin- 
„ Gr, &e. 


Part of the horizontal wheel, (i. e. on the edges 


IMPROVEMENT OF 
to be doubled; then will the rotal influence of 
the oil on ſuch a Watch be expreſſed as below : 
for no oil is applied to ro its PRs. 8 


ebe firſt 4 wheels 1 
On the pivots 1 The Balhace Wheel 12 


The Ballance as formarly = | 
Total 56 


521. And ahi it appears, hat the end in- 
fluence of the oil on all the pivots of a contrate 
wheel Watch, is greater than in a horizontal 
Watch: But in the latter; oil is applied to the 
cylinder, the influence of which is yet to be 


added to that of the pivots. 


522. The influence of the oil on the ating 


of the cylinder), will be, to the influence on its 
pivots, at leaſt as the e of the wheel to 
that of its pivots (172); or nearly n 67 20 1; 
and conſequently, if the influence on all the 
pivots be expreſſed as formerly by 49 (519), the 
influence on the edges of the _— will be 
402. And, 
523. If the Ballance be hoſed as formerly 
(517) to vibrate + of a turn; the influence of 
the oil on the circular part of the cylinder, will 
at leaſt equal that on its edges; and conſequently 
may ata mean be W allo, by 402: andthe 
4 whole 
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whole influence of the oil on a horizontal Watch, lrturner or 


as now conſtructed, will be as follows. — 
On all its pivots — — 49 
On the cylinder — — 804 — 
Total 8 ; 3 


. The whole influence of the oil in con- Comparative on 
trate e Watches, has already been ſtated at 56; ee 
therefore, the comparative influences on horizon- Watches. 
tal and contrate wheel Watches are as 853 to 56, | 
or nearly as 15 10 1. Heancs, if the horizon- 
tal principle, was only egual to that of contrate 
wheel Watches with recoiling pallets, in all other 
reſpects, the errors in the performance of hori- 
zontal Watches, would be to thie errors in con- 
trate wheel Watches, as 15 to 1; but expe- 
rience proves the contrary; and thier, when 
the influence of the oil is ORE equal in both, 
the performance will clearly prove the ſuperiority 
of oy horizontal principle. 

. It is evident, that the influence of the How diminiſhed 
an; on be cylinder is (c. p.) as its diameter (168): n the cylinder. 
and as it may be ted, by reducing the 
fize of the horizontal whe: or by increaſing 

its number of teeth; let us enquire into the par- 

ticular advantages of each method. 
526. FIRST, let the diameter of the wheel As the diameter of 
be diminiſhed, as TOON at E, 4, 2, 1, Plate png xv. 
2 1 


- 8 - 


172 


INFLUENCE OF 
THE OIL, 


Frition not al- 


tered. 


Inverſely as the 


der of tee. 
e teeth in the horizontal wheel increaſed; it is 


plain, that the length of each muſt be diminiſhed 
as their number increaſes: and the diameter of 
che er will al be diminiſhed as the a 


IMPROVEMENT OF | 
1.5. then the cylinder, and conſequently the in- 


fluence of the oil on it, will be diminiſhed i in the 


ſame proportion; for the cylinders bear the 


_ ſame proportion to each other, as the wheel to 


which they are ſeverally adapted; (as expreſſed 
by 5 numbers annexed) *. But 

In this caſe, the friction, and conſe- 
quently the danger of tearing the cylinder, re- 


mains unalterably the fame ; for the preſſure of 


the tooth on the cylinder. 18 increaſed, as the 
length of the tooth diminiſhes: as may eaſily 
be conceived by viewing Plate 1 5. at E, where 


the preſſure is, c. p.) inverſely as the diſhance of 


each tooth from af) center of motion ; F i. e. in- 


verſely as the diameter of each I heel. 


528. Let us then ſuppoſe, the kan ge of 


„ 


p a = n 5 * — WM * »„— * hk * TP” — —— ——— 


* The Figure. 3 in Plate x6. edel the manner in Which 


the horizontal wheel acts on the cylinder; for when the tooth 
B has done acting on the edge of the cylinder, the tooth C drops 
on its outer circumference, on which it reſts, till the Vibration 


is performed, and the other edge of the cylinder comes within 


its ſphere of action; when it will begin to act wedge-like, and 
continue till the edge of the cylinder gets without the external 
dotted eircle, when the tooth will drop on the inner circum- 


ference, as repreſented by the dotted lines, (and by the cylin- 


der at D); and thus it continues to act on the edges, and reſt on 


I eircu unference wh the Frlinges alternately. 


" of 


WATCH-WORK. 


of the teeth; and therefore, (5 22, 56 2 5), 


nilfed in each Vibration, in the inverſe propor- 


tion of the number of teeth: for the joint fric- 
tion of any number of ſmall teeth, rubbing on the 
edges of the cylinder, c. p.) will be equal to he 
Friction on one tooth, that ſubtends the ſame angle 
at the center of the wheel (527) : See Plate 15. 


E 4; and the friction on the circular part of the 


cylinder, 1 is diminiſhed in the ſame proportion as 


that on its edges (528) ; therefore, the total fric- 
tion, as well as lence of the oil on the cylin- 


der in each VL. tbration, will be inverſely as the 


which it naturally follows, that 


number of teeth in the horizontal wheel: from 


530. The train of a Watch may even be dou- 


| Bled, without any how increaſing friction or in- 


Hocnces. of the ail n any part of the Watch ; 

the Ballance pivots excepted : and thus may 
heavy Ballances and ſtrong Ballance Springs be 
introduced, without the riſk of ſetting, or dan- 
ger of tearing the cylinder, any more than with 


a common train (47 1), &c. Or, 


31. If the tram remain the ſame, the in- 
fluence of the oil and friction, will be diminiſhed 
in every part of the Watch (Ballance pivots ex- 
cepted) as the number of tecth of the horizontal 
wheel 
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the 1 in INFLUENCE OF 
THE OIL, 


| fluence of the oil on the cylinder, will be dim 
niſhed in each Vibration, as the number of teeth 
1 155 And 

The friction in this caſe, is alſo dimi- Fridtion in each | 


Vibration dimi- 
niſhed in the ſame 
proportion, 


— of this 
method. 
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Or rat bers, le. wheel increaſes : thus, if the number of teeth in 
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Concluſion. 


| Inconveniencies of 
the horizontal 
wheel now uſed. 


the horizontal wheel be doubled, and the train 
remains the ſame; the ene of the oil on 
the cylinder will be reduced to a half (529); and 
the revolutions of all the wheels, and conſe- 
quently the friction, and influence of the oil on 
all the pivots, will ander go an e diminution. 
Or, 
32. If the train and number of revolutions 
of each wheel, be continued the ſame; the leaves 
of the pinions may be increaſed in the ſame pro- 
portion as the teeth of the horizontal wheel; 
and this will increaſe the action of zhat wheel on 
the cylinder; and conſequently enlarge the 
Vibrations, as well as diminiſh the influence of 
the oil on the cylinder (529) *. | 

533. From all which confiderations it appears, 
that it is much more advantageous to increaſe 
the number of teeth of the horizontal wheel, than 
to diminiſh its diameter. 

534. In the horizontal wheel now w uidyecfilly 
uſed, each tooth is formed into an inclined plane 


PLATE xv. or wedge, as repreſented: in Plate 1 5. which 


acts on the edges of the cylinder, and by that 
means maintains tie Mw erin ; and cheſe teeth 


— 14 Wk "* * 3 —_ 


lk... — 


by The e fiction, ad ts of Won, in pinions, are di- 
miniſhed as the verſed fines of the angles ſubtended by their 
leaves: thus, the friction and irregularities of action in a pinion 
of 6, is to that in a pinion of 9, as 2 to 1 nearly ; and to that 
: in one of 12, nearly as 4 to 1. | | 


after 


WATCH-WORK. 


75 


after performing their office, reſt alternately on Or yarLzr75, &c. 


the internal and external circumference of the 
cylinder; and therefore, the friction and influence 
of the oil on the cylinder, during the time of 
reſt of the wheel, will. c. p.) be as the mean cir- 
cumference of the nb big ; 


— — 


535. But the inſide diameter of the cylinder, 


muſt be ſomewhat more than the length of the 
tooth, and the outſide will be yet increaſed by 
the neceſſary thickneſs of the cylinder; there- 
fore its mean diameter cannot with this con- 
ſtruction of a wheel be reduced to ſuch a de- 
gree as will render the application of oil unne- 
ceſſary. But, 

536. If the cylinder be made fo thick as to 
admit of having that inclination formed on its 


edges, which is now formed on the face of the 
tooth ; the teeth may then be made ſtraight 
without any wedge, and of the ſize of a ſmall 


needle; and this will admit of an equal diminu- 


tion of the inſide diameter of the cylinder, which 


will occaſion a proportional decreaſe of friction, 


during the reſt of the wheel thereon. And, 
537. If the teeth of fuch wheel, be formed al- 
ternately on each fide thereof, (as in Fig. 3. Plate 
16.) they may always be made to reſt on the in- 
fide circumference of the cylinder, thus reduced 
(comparatively ta a point) ; and by this means, 
the friction on the cylinder, during the time 5 
reſt, will be ſo much We as not to require 


How Needs 


Reſt performed on 
the inſide of the 
cylinder. 


PLATE XVI 
F IG 1. 


the | 


—. 
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Or PALLETS,&c, 
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Advantages of 


ſuch alteration, 


&c. 


Concluſion, $ 


PLATE XVI. 
Fid:; xe 7* 


IMPROVEMEN T O F 


the application of oil; nor will the application 

of it, during the time of action of the wheel, be 

more neceſſary here, chan! in the common recol- 
ing pallets. . 


538. And this will i improve the al ali: 


not only by removing the influence of the oil 


from the cylinder, ſo as to bring horizontal 


Watches in that reſpect, on a par with thoſe of 
the common conſtruction (j 24); but alſo by di- 


miniſbing the friction on the cylinder, ſo as to 
make the ſame maintaining power ſupport amuch 


| longer Vibration; the advantages of which have iÞ 
already) been conſidered (4.88), 489). 


And if fuch a horizontal Wheel, as here 
deſeribed and repreſented in Plate 16. Fig. 1. be 


made of well tempered ſteel, and the parts of 


action of the cylinder of ſteel thoroughly hard, 


or diamond, the performance of ſuch machine, 


will prove the ſuperiority of the horizontal pon 


ciple to any other. 


Any power co- 


- operating with 


the Ballance 
Spring, will acce- 
lerate the Vibra- 


tions. 


540. Since the ſpiral Spring promotes the no- 
tion of the Ballance towards its point of reft, and 


oppoſes its receſs therefrom ; it is plain, that if any 


other power be made to act on the Ballance 272 


the fame manner, it will have a ſimilar effect on 


And the contrary. 
1 1 we the motion of the He towards its point 


the times of Vibration, as an increaſe of frength 


in the Spring would Laue; 5 i. e. it will ſhorten the 


times. And 
541. If the ſame power be ee ſo as as to 


of 
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of reſt, and promote the motion therefrom, it Or rar LETS, &c, 
will, by ſuch means, countera& the exertion of 
the Spring (411), as much as it aſſiſted in the 
farmer caſe (540) ; and therefore, will have a 
contrary effect; i. e. it will prolong the times of 
J. 3 And thus; 

42. If the action of the lan wheel, Thoſe effects 

be ſo applied to the edges of the cylinder, hat — 0 
it ſhall co-operate with the Ballance Spring in its deſtroy each other. 
unbending, juſt as much as it counteracts it in 
bending (411), the one half of its ad ion will con- 
tract the time of Vibration (540), as much as 
the other prolongs it (541); and conſequently, 
thoſe equal and contrary effects will always Sal- 
lance each other, and leave the whole time of Vi- 
bration the ſame, as if no ſuch cauſe took place. 
Hence, ſuch changes as happen in the action of 
the wheel on the pallets, cannot alter the times 
of Vibration. 
543. ExaurLE. Let where bo fapgoled tWO 1ltuftrated, 
; concentric circles paſſing through the extremi- 
ties of the parts of action of the horizontal wheel, 
as repreſented by the dotted lines in Plate 1 5. PLATE Xv. 
it is evident, that the wheel can only act on the YO, 
edges of the cylinder, while they remain within 
thoſe circles; and if their diſtance be divided in- 
to two equal parts as at A, and another circle be 
drawn through that point ; the edges of the cy- 
linder when at reſt, ſhould terminate in that cir- 
cle, as repreſented alſo at A ; in which caſe, the 

. maintaining 
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Or ratLers, &e. maintaining power would prolong the time of 
— che one half of the Vibration ($42), juſt as much 
E as it contracted the other. But, 

544. If the edges of the cylinder reſt withi 
= | this circle, as at G, the maintaining power will pro- 
long the one half of the Vibration (540), more than 
it contracts the other (541), in proportion as the 
edges of the cylinder lie nearer the inner circle, than 
the outer; See Plate 1 5. at G: and conſequently, 
the whole Vibration will take up more time than 
PLATE Xv. if performed by the action of the Ballance Spring 
NN only; and this effect of the maintaining power, 
will become greater as the Vibrations become 
ſhorter (as ſhall be ſhewn hereafter), and produce 
the ſame effect on the meaſure of time, as f 
the ſhorter Vibrations of the Ballance, when ac- 
tuated by its Spring alone, were naturally ſlower 
than the longer ones *: and this is the caſe in all 
horizontal watches; for if the edges of the cy- 
linder were to reſt in the circle, as at A, the 
points of the teeth would not drop on the circu- 
lar part of the cylinder, (as at C and D), but 
on its edge ; which would check the Vibration, 
a and produce the moſt deſtructive effect. 5 
4 Length of Vibra- 545. The length of Vibration in Pendulums, 
| von og the velo- "F&, Bu/ depends on their velocity at the point of 
bolnt, K. reſt, (i. e. at their loweſt point), and the time 


= — ” 
0 . : + w- 


. 1 * , 
4 ä — ae... Ct nat PRI i tet ht a £4 — canon nn 
* [ 
{ 


* And thus will every change in the action of the wheels, 
or any other cauſe that can alter the angle of Vibration, alſo alter 


of 


the times. 
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of the ſubſequent aſcent will be the ſame, whe- Or PALLETS, . 
ther ſuch velocity was the /ole effect of Gr, 8 
or the joint effect of ir and the action of the wheels 
in the preceding deſcent * ; and the time of the 
ſubſequent deſcent cunpnt be influenced by the 

action of the wheels, before ſuch action takes e 
place; it therefore follows +, That, - 


546. The influence of the maintaining Power on Influence of the 
the meaſure of time, is, (c. p.] as the time of miintaining 
its action (545); nor will irs effect in maintain- ef ation, 
ing the Vibrations, be any how leſſened by ſhor- 

tening its time « action t, and all this, as appli- 


— — 


* ww — 
* 


* See Sir ISA Ae Newron' s 4th Definition, where he ſays, « An 
by impreſſed force remains no longer in a body, than its action 
continues; for a body maintains every new ſtare it acquires 
by its vis inſita only.“ 
I It alſo follows, from thoſe conſiderations, chic it is more 
adviſeable, in Clocks, to apply the action of the wheels to the 
Pendulum, in the time of its aſcent than deſcent; and in 
Watches, in the time of bending, than the time of unbending 
the Ballance Spring: for if ſuch action be applied in the time of 
5 aſcent, its effect on the meaſure of time ceaſes with the action; 
but whatever power adds to the velocity of the Pendulum, &c. 
in its deſcent, will influence the time of all the ſubſequent part 
of the deſcent: and for the ſame reaſon, it will hurt the per- 
formance, to make the maintaining power act more vigorouſly 
at the beginning than towards the end of deſcent. (See the 
Notes to 226.) 
T | See Sir IsAAC NewrTon's Second Law of motion ; ; where 
he ſays, © If any force generates a motion, a double force will 
* generate a double motion, a triple force a triple motion, 
* whether that force be impreſſed altogether and at once, or 
| radually and ſucceſſively.” I have already (440) endeavoured 
to ſhew how the bad effects of the vis inertiæ of the wheels are 
to be diminiſhed, and therefore take no notice of it here. 


A a 2 cable 
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| Oy yaLLETs, fee, cable to the Vibrations of the acorns? as thoſe 


* 4 


Principle on 
which the main- 
taining power 
cannot alter the 
time of Vibration. 


Introduction to 
further conſidera- 


of the Pendulum (413). 

547. And thus, by making a Davon wheel 
that will act on the cylinder, ai as much in the 
time of bending the Ballance Spring, as in the 
time of its unbending * ; the maintaining power 
may be made to prolong the time of one half the 


Vibration (541), as much as it contracts the 


other (540); and , tbe leaſt defect pet remains 
owing to the execution, &c. its effect may be 
diminiſhed by ſhortening the time of action of 


the wheel on the cylinder (546); and by thoſe joint 
means, the performance may be rendered more 


compleat IN WATCHES (ſo far as depends on the 


maintaining power), than in Clocks where the in- 


E of the oil tales place +. But, 


. Having already ſhewn eum (5 44), 
5 4 all horizontal watches hitherto made, or 
that can be made, with the wheel and cylinder, 
now in uſe, muſt have their Vibrations ſomewhat 
ſlower than if the Ballance was actuated by its 
E alone: an "Thr this el muſt become 


n 


— 8 1 
o 


* That is, that the action of Kb Abel on this Ballance be 
ea applied on each fide the point of reft; or that the 
wheel act as much on the Ballance in the time of its approach 
to its point of reſt, as in the time of its receſs therefrom. 

+ Here it is to be noted, that as the influences of heat and of 
cold on the oil, main Spring, and Fuſee, only tend to increaſe 
or diminiſh the maintaining power, their effects on the times of 


Vibration are totally removed by this method of applying it to 
the Ballance. 


greater 


WATCH-WORK. 
greater in the ſhorter Vibrations, than in the 


longer ones (546) . I now come to a more par- 


ticular e a of a wheel and pallets, that 
will admit of removing this defect, as well as 
the influence of the oil; and by that means leave 
the Vibrations of the B allance and Spring in full 
Poſſeſſion of all their natural properties. 

549. Fig. 1. Plate 16. repreſents a ſcapement 
conſiſting of one pallet and a detent, by means 
of which the wheel acts on the Ballance, at every 


| ſecond Vibration only; this ſcapement, if judi- 
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Or Fern. Ke. 


n 
V 


— 


Deſcription of a 
new ſeapement. 


PLATE XVI. 


ciouſly executed, will have the properties formerly 


mentioned (547), and admit of very quick Vi- 


brations, as the time of action of the wheel bears 


ſo ſmall a proportion to its time of reſt; and the 


inſide diameter of the detent and pallet may be 
made fo very ſmall (in proportion to the mean 


diameter of common cylinders), as almoſt to an- 


nihhilate friction, and the influences of the oil 
during the time of reſt (526); by which means, 
the Vibration will be much increaſed; and hence, 


a double advantage acquired, even though the uſe 


of oil ſhould yet be found neceſſary +. 


5 50. This ſcapement will alſo e 70 prore 


Ae what has boen laid concerning the 


— — * » — 


— 


For "tics Ae every caſe that © can the he length of 


| the Vibrations, will alſo alter their times. 


+ In this ſcapement all the tecth of the horizontal wheel rand 


on one fide, as repreſented by Fig. 2. 
2 - nature 


Uſes of this ſcape- | 


ment, 


182 IMPROVEMENT OF | 
Of ramen e nature of ſcapements (540, 541), and how 
much the effects of the maintaining power on 
the times of Vibrations of different lengths, have 
hitherto been miſtaken for the ere. tendency 7 
2 en and . 0 


n 
_- 


Experiment. 


Login Viktor "of 28 If the akt be in the poſition oe 
rendered quickeſt. ed at A, Fig. 1. when the Ballance is at reſt, 


PLATE XVI. ghe action of the wheel will tend to prolong the times. 
of Vibration (541); and this effect will be 
greateſt on the ſhorter Vibrations (5 46); hence, 

if the natural tendency of the Vibration, be ĩſo- 
chrotild, the action of the wheel on the pallets 

will render the ſhorter Vibrations of longer dura- 
|; tion than the longer; and all the Vibrations flower 
= | than they would be performed by the ſole exer- 
BY ' tion of the Ballance Spring. 5 


| Experiment. 


— 


Longer Monet 552. Let the pallet be in the poſition repre- 
ſented at C, wn the Ballance is at reſt ; and 
PLATE XVI the action of the wheel will ſhorten the time of 
Vibration (540), and render them quicker than 
if performed by the exertion of the Ballance 
Spring alone; and this accelerating effect alſo will 
be- n in the ſhorter Vibrations (546); and 
conſequently, 

1 
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conſequently, if all the Vibrations of the Bal- Or ralIxTS, &c. 


lance were naturally iſochronal, the action f 
the wheels would, in this caſe, render the longer 
Vibrations flower than the ſhorter : how abſurd 
then is it! to form a concluſion of the natural 
tendency of the longer and ſhorter Vibrations of 
the Ballance and Spring, while ſuch foreign and 
unobſerved cauſes influence them. 7785 


Experiment. 


553. Laſtly, if when the Ballance is at reſt, All the Vibrations 
the pallet be in the poſition repreſented at B; properes, Ke. 
the one half of the action of the wheel on the PLATE xvi 
pallet will be exerted, while the Ballance Spring : 
is unbending, and the other half, while bending ; 
and conſequently, the former half will contract 
(540), as much as the latter prolongs (541), the 
time of Vibration, and the whole time will be 
the ſame, as if the Ballance was actuated by its 
Spring alone, without any regard to the force, 
with which the wheel acts on the pallet *. 4 

5 54. By the above means we may mot on How He defefts of 
diſcover the NATURAL TENDENCIES of the longer Spring = 
| | | remedled. ; 


i». 
— 


» 


* The only inconvenience of this ſcapement, ſo far as occurs #1 
to me, is, that the interval between the beats will be alternately = % 
long and ſhort: but this will in no degree influence the meaſure my 2 
of time, or render the Watch leſs fit for obſervations of any 1 
kind; for thoſe two beats which come cloſe to each other, may 1 
be conſidered as one. | | 


and 
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Os raters, 86, and ſhorter Vibrations of any Ballance and Spring 
— — when no maintaining power is applied (5 5 3) 3 


Introduction to 


bitt the natural tendency being once known, if the 
longer Vibrations be quicker 'than the ſhorter, 
or the ſhorter quicker t than the longer, they may 
be corrected by altering che poſition of the pal- 
let as already mentioned (5 5 1, 552) 7. 
555. Having pointed out the means, by which 


 anotherſcapement. he natural properties of the Ballance and Spring 


may be preſerved, \by a proper attention to the po 


tion of the pallet (where one only is uſed) (553), 


I now come to confider the means of preſerving and 


_... recovering them, where two pallets are ec and 
. the. wheel acis in every Vibration. 


Deſcription, &c. 
of the curve of 
action. 


PLATE XVI 


+. and.itis to be underſtood, that the ſcapement in 
Pig. 1. as well as the following ones, has this 


556. Fig. 4 Plate 16. ſhews the 1 nature of 


the curve, into > Tic the edge of the cylinder is 


to be formed: from which it appears, that zhe 
wheel has an equal power of moving the Ballance, 


on whatever part of this curve it acts; for if the 


cylinder be made to move through equal ſpaces, 


as marked on the Arc AB, the wheel: will ad- 
vance equal ſpaces, as marked on the line A D; 


n. JJV 


„ a. ** 1 * —— —. 


ä a I "IN * — th. 


«+ + 


52 And what is here ſaid, relative to che Padre of his one 


| pallet, 15 equally applicable to each pallet, where two are uſed : 
and if the relative poſition of the pallets to each other could be 
altered, the effect would be as above ſtated. 5 


557. Fig. 
ge, 


WAT C H- W OR K. 
557. Fig. 5. repreſents the relative poſition of 
both edges of the cylinder, when the wheel is 
made to act at each Vibration; and its teeth 
ſtand alternately to each ſide, as in Fig. 3. where 
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Or PALLETs, &c, 


Relative poſition 
of the edges of the 
cylinder. 


it appears, that the ſame central angle A CB, 
ſubtends both the curves on the edges of the cy- 


linder ; and that thoſe curves croſs each other, 


exactly at half the thickneſs of the cylinder; 
without which, the natural tendency of the Vi- 


brations will be diſturbed (5 5 3). 


558. Here it is to tb 


effect of any imperfection of the maintaining 


power, is increaſed or diminiſhed, with the angle 


When the time of 

action ſhould be 

rendered long, and 
when ſhort. 


which the curve of action on the edge of the cy- 
linder ſubtends at the center (546); ſuch angle 
ſhould be diminiſhed, where the true meaſure of 


time is the chief object of our attention; and in- 
creaſed, where we defire by experiments to prove, 
the theory of pallets and Ballance Springs *. 

5 59. It is alſo to be obſerved, that when two 
pallets are uſed, (i. e. when the wheels acts on 
both edges of the ſame cylinder) the comparative 
times of the longer and ſhorter Vibrations, can- 
not be altered as with the ſcapement, Fig. 1. 
(557, 532). 


— * ** 


9 — * * : — —— 


Obſervation. 


PLATE XVI. 


Here it is to be obſerved, that by increaſing or diminiſhing 
the angle ſubtended by the curve of action of the pallet, 
(i. e. the angle of ſcapement) the time of action of the main- 
taining power is alſo increaſed or diminiſhed. 


B b 360. it 
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, LEE 


Co 


Practice cannot, in 


this reſpect, equal 
theory. 


IMPROVEMENT OF 


560. If execution could be ſuppoſed equal to 
mathematical demonſtration, and the Wen of the 
horizontal wheel as fine as a mathematical line, 
we might in practice, as well as in theory, pre- 
ſerve the natural properties of the Vibrations, 
by the means propoſed in paragraph (542), and 
repreſented by Fig. 5. But as the teeth muſt 


have ſome ſmall thickneſs, and we muſt carefully 


guard againſt their dropping on the edge (or part 


of action) of the cylinder, we cannot perfectly 


preſerve the natural properties of the Ballance and 


Spring, with this conſtruction of pallets; but be 


How thoſe incon- 
veniencies may be 
avoided, 


in a leſs degree liable to the retardation, which 


was faid to take place in the common horizontal 
wheel (544) *. 
561. 1 therefore come to enquire, by what con- 
ruction of pallets thoſe inconveniencier may be 
avoided, and the wheel made to act at each Vi- 
bration Pl i. e. ON both I of the Carre 


6 


W L * — — CO 


0 Mr. Lepaute, an ingenious dls: Clockmaker in his 
Treatiſe, publiſhed at Paris 1755, deſcribes a cunſtruction of 
pallets of his invention, in which the tooth reſts on the inſide 
of the cylinder at each Vibration; by which means, the friction 
on it, during the time of reſt, is very much diminiſhed,” and 


_ conſequently a very conſiderable advantage gained. But the 


action of the wheel tends, in his conſtruction, to retard the Vi- 


bration, during its whole time of action; and this effect will 


always increaſe or diminiſh, in proportion to the length ef Vi- 


bration, and every cauſe that can alter the length of Vibration 


will alter the times; nor has any attempt been ever yet made 
to obviate this evil, fo far as confifts v hn my knowledge. 


502, Let 
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562. Let us then ſuppoſe, that the curves on Or rarLETs, Kt. 
the edges of the cylinder, ſubtend different angles h 
at the center, as AEB, BEC, Fig. 6. and let 47 _ 
the dotted line E B, repreſent part of the dotted LATE why 
Arc which circumſcribes the points of the teeth Fi. 6. 
of the wheel, as at A, Fig. 1. it is evident (5 5 1), 
that the whole action of the wheel on each pal- 
let, will prolong the times of Vibration : but as 
the angle BK C, ſubtended by the edge of the 
cylinder, Fig. 7. may eaſily be known, we may 
find another angle EK D, which the Ballance 
will be thrice as long in deſcribing: then if LG, 
be made equal to © of F D, and he RVE GF, 
be formed in the ſame manner as the curve AD, 
(or DB, Fig. 4.) the action of the wheel on 1T 
will accelerate each Vibration, as much as it re- 
tards on the curve AD. For 
5063. If the power of the wheel in moving the Demonſtration. 
Ballance, was as great on the curve G F, as on A D, 
(or A B,) the effects on each would be as the re- 
lative times of action (446); and each time of 
action on the curve G F, is (by the hypotheſis) 
thrice as long, as the time of action on the edge 
of the pallet AD; and the wheel acts on G F, 
both in the progreſs of the Ballance towards the 
extremity of Vibration, and in its return, where- 


— 


* See (408), where the properties of the Vibrations of the 
Ballance and Spring are ſhewn to be the ſame with thoſe of a 
Pendulum vibrating in the cycloid, &c. | 


B b 2 a8 
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Or PALLET, be. as it acts on A D, only once in each Vibration : 


TEL 


_ Concluſion: 


therefore, the whole time of action on G F, is 


to the whole time of action on A D, in each Vi- 
bration, as 6 to 1. But when a cane is uni- 
formly exerted, uk effect will be as the times: 
hence, if the whed had the' ſame power of mo- 
ving the Ballance on the curve G F, that it has 


on AD, the acceleration on the feraer: would 


be fix times as great as the retardation. on the 


latter: but the power of the wheel on GF, is 


to its power on A D, as L G, to FD; that js, as 
I 0 6. therefore, he powers being in each in- 
verſely as their times of action, the effects will be 


is 48 Conſequently 


564. Whatever be the ac ion of. the wheels 


on pallets of ſuch conſtruction, it will as much ac- 
cclerate (i. e. contract) the one part of the time 


of Vibration, as it prolongs the other: and the 


whole time of any Vibration, of whatever length, 
will be the ſame, as if per JO by the ſole exer- 


tion Y the B allance 5 bring. 


COROLLARY. 


565. Ir the curve G F, was F till it 
terminated in the center (as repreſented by the 


dotted line), the acceleration would conſtantly 


increaſe as the Vibration; but the retardation on 
AD, is diminiſhed as the Vibration increaſes 


2 „„ 
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(446); and therefore, ſo ſoon as the angle of Vibra- Or rams, &c. 


tion becomes greater, than twice the angle E K C, 
the whole time of Vibration would be contracted, 
and that in proportion to the increaſe of Vibration: 
and this ſhews the neceſſity of diſcontinuing the 


curve F G, at G, and ſubſtituting the circular Arc 


GIM, which ſhould ſubtend an angle at leaſt equal 
to the greateſt fluctuations of the Vibration. 
566. What is above demonſtrated of the in- 


fide of a cylinder, is equally applicable to the 


outſide, 'as on the tumbling pallets : but as the 


Wheel has not in them, an equal power of moving 


the Ballance in every part of its action, the de- 
monſtration will not apply: it is alſo to be ob- 
ſerved, that when thoſe pallets are made to have 
ſuch a proportion to the wheel, that its teeeh 
| ſhall act nearly at right angles to the circumfe- 
rence of the cylinder, during the time of reſt, 
the time of action on the pallets, will bear too great 


a proportion to the time of reſt (4.46); by which 


means, the effect which any external motion or 
alteration in the action of the wheels, will have 
on the meaſure of time, will alſo be increaſed, 
as well as the chances of the Watch's ſtopping 


by the influence of any external motion : for 


which reaſons I thought it unneceſlary here, to 
give a particular deſcription of them ; the ne- 
ceſſary remarks on pallets having already far ex- 
ceeded my intended limits : nor does it appear 


＋—— 


The ſame demon- 
ſtration would, 
c. p. apply to the 
outſide of a y- 
linder. 


But does not in 
the tumbling pal- 
lets. 


to me, that any one, who fully underſtands 


what 
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' Orraitzrs, Ke. what has been ſaid in this and preceding eſſays, 


ym 


Air, its denſity 
does not alter the 

motive force of 
the Ballance. 


Hence cannot in- 

fluence the times 

with perfect pal- 
lets, &c. 


In what caſes it 
does alter the 
times. 
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IMPROVEMENT OF 


can be at any loſs, in eſtimating the merits of 
any particular conſtruction of — or in con- 
ſtructing new ones, to anſwer any particular ow 


poſe. 11 
Of the Refiſt ance of the Air. 


567. As the times of Vibration of a Bal. 
lance, have no dependence on gravitation, it 


| follows, that no alteration in the ſpecific gravity 


of the air, can alter is motive force, as it does 


that of Pendulums (378). Therefore, 


568. Any alteration of denſity in the air, can 
only influence the Vibrations of a Ballance, by 


ſhortening the Vibration in proportion to the 
increaſe of denſity : nor can ſuch changes1 in the 


length of Vibration, alter its whole time any 


any other ways, chan by introducing any remain 
ing imperfection of the Ballance Spring or pallets; 
(for it prolongs one half as much as it contracts 
the other) (238, 129). Hence, | 
569.. If the Ballance Spring have the 8 


tendency to perform all its Vibrations in equal 
times, and the pallets have the properties de- 


ſcribed (5 5 3, 504) ; 20 alteration of denfity in 


the air, can any how alter the timer of Vibration. 
But, 


570. Admitting the natural properties of the 
* Spring (40 * if the maintaining power 
has 


— —ͤ—d GOT ö;—çꝗĩx?33 ðũ᷑28 , 


dead- beat (565). But, 
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has any tendency to render the times of the longer Or te, Ke. 


Vibrations, either quicker or ſlower than the 


times of the ſhorter (551, 5j 5 2), and if this effect 
be corrected, by an unlimited recoil, (or inverted 
recoil), as repreſented by the dotted ſpiral line in 


Fig. 7. Plate 16. and deſcribed (565); I ſay ſuch 


being the caſe, that any change of denſity of the 
air will alter he times, as well as lengths of the 


Vibrations; and for this reaſon, no curve of 


whatever kind ſubtending the angle of fluc- 


tuations, and having a tendency either to contract 


or prolong the time, can ever preſerve, or recover 


the natural iſochroniſm of the Vibrations of a 
Ballance (56 5). 
571. 1: alſo follows, that where the natural 


tendency of the Vibration is iſochronal, its 


properties can never be preſerved without the 


- 


— — ons 


Dead. beat ne- 
ceſſary. | 


572. If the maintaining power and angle of A good perform- 


Vibration, be ſufficiently increaſed (487, 488, 
480), and the time of action of the wheels on the 


pallets diminiſhed (546), and ſome regard paid 


to what is ſaid (540, 541), a good perform- 


| ance may be procured, even with pallets of leſs 


perfect conſliruttion. 


573. But in all caſes, where doubt or uncer- 


tainty take place, it is ſafeſt leaning to the 


Dsxap-BearT; for 1T, in conjunction with long 
Vibrations, will always diminiſh an error of the 
maintaining power (263) ; whereas a recoil, of 


any 
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ance, with imper- 
fect pallets, 
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Concluſion. 


ILIMPROVEM E NT, &c. 
any kind, may have a direct contrary effect; 
and therefore; like dangerous medicines, are newer 
to be adminiſtered, unleſs where it can be done 
by weight or e ure. | 


Having thus endeavoured to ſettle practical 


Theory of Clock-work, and to point out the 
means of acquiring ſuch advantages in PORT A- 


LE MACHINES, as may render their performance 
nearly equal to that of Crockxs, even in their 


improved ſtate; if I have any where miſrepre- 


ſented or omitted any thing material, it was not 


intentionally : but granting the truth of all that 
I have advanced, many are the experiments and 


practical improvements that may yet be made, 
towards confirming this Theory, and rendering 


it of general utility. And ſhould this be thought 


an object worthy of public attention, I ſhall 
chearfully contribute my utmoſt endeavours. ; 
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Parag. Line. 


1. 4. for conſtrued, read conſtructed 
7. 2. after are, inſert in theory g : | 
8. 2. for only 1s the motive force, read alone is the moving power 
70. 4. For motive force, read moving power | 
98. 2. after fixed point, inſert within the ball 
152. 6. for that will corroborate, read to corroborate 
203. 1. for planes, read plane | | 
226, un T he laſt part of the firſt note of this paragraph is wrong expreſſed ; but a1 
| | the firſt part comprebends the whole meaning, the Reader may draw his 
pen through that part which follows, i. e. 
271. 8. for being, read been 
296. 2. for Pl. 7. read Pl. Fo 
311. 13. for pivots, read points 
334. 11. for upwards, read downward 
12. for downward, read upwards 
343. 9. for rod, read rods 3 
| Page g8. line 5. from the bottom; for dilation, #ead dilatation 
368. 11. for eaſily, read eaſie | 
380. 5: for therefore, read but 
399, 13. for vibration, read vibrations 55 | 
424. 1. & 2. for is as its thickneſs, read increaſes with its thickneſs 
440: 5. for in the proportion, read in proportion | 
479. 10. after the word expect, inſert that 3 
526. = In the firſt line of the note, for pl. 16. read pl. 15. 


number of leaves in the third-wheel pinion may be increaſed, in 


the ſame proportion as the number of teeth in the horizontal 
wheel, &c. | | | 


4. for any how leſſened, read ſenſibl leſſened 


546. 
In the concluſion, page 192. line 5. for practical theory, read a practical theory. 
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Whereas ſome perſons ſeem either to miſunderſtand the author's 


meaning, or are diſpoſed to diſpute about words; it is proper here to 


mention, that 


By MomEenTvuM, is meant, the effective power, or force which a body 
exerts before its whole motion is deſtroyed; © 


By Movine PowER, that force which cauſes motion, whether it 
takes effect in whole or in part; | 


eant, ſuch part of the moving 


And by the Force IMPRESSED is m 
power as really takes effect. 


Thus if a wheel be moved by a ſtream of water, the whole ſtream is 


the moving power : but the force which it impreſſes depends as much 


on the velocity of the wheel, as on the velocity or force of the ſtream; 

for if the wheel moves with a velocity equal to that of the ſtream, the 

latter can impreſs no force on the former, nor add to its velocity. 

By Morivs Force, is meant, the quantity of motion generated by 

the impreſſed force. : E 

And in this ſenſe the author apprehends theſe words have always 
1 been underſtood. 


From the beginning ; read If the train be continued the ſame, the 
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— diminiſhed by any increaſe of the denſity of the 

':2 3 air: and the contrary 226, 300 and Notes 

Ain, of the wheels on the pallets, in 85 caſes it 
"ſhould be applied, regularly and ſucceſſively 66; 5 


— when it ſhould be applied all at once — 


— in either way,, — 267 
— its effect, on the meaſure of time, c. P. as the whole 


time of action — — 546 


— in what caſes its time of action ſhould be rendered . 
Co long or ſhort in Watches — 558 
—— it may de applied ſo as to render the times of vibra- 


Yet tion either longer or ſhorter at pleaſure 238, $40, 541 
— it ſhould be applied in time of aſcent rather than de- 
ſcent of the Pendulum ' —— Were 545 


—— may have the ſame effect on the times of vibration, 


as if the longer ones were naturally quicker than 
the ſhorter : or the ry — 551, 552 


I and chain ; render it more perfect — 404 
Lei | Aon, 
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retrograde motion of the ſwing-wheel 238, 2 39 
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No 

Aclion, che effect that any irregularity in it would have on 
the times of vibration: how corrected in the con- 


ſtruction of the pallets 542, 547, 553. 560 to 564 
of a ſpring on the ballance, preferable to that of 


gravity — 


of the ballance ſpring : — how it may be preſerved 
proportional to the diameter of the ballance. See 
Thermometer. 


Ab, its reſiſtance, c. p. as the verſed fines of the angle of 
vibration — 2117 


— its reſiſtance contracts the times of aſcent of the pen- 
dulum as much as it prolongs the times of its de- 


2 


410 


ſcent — 129, 238 and Note 


its conſtant uniform ralifiance does not affect the times 
of vibration 27, 29, 115 


but its accidental changes of denſity may introduce 
Other errors — ? 115, 568 
its uniform reſiſtance renders long vibrations preferable 
to ſhort ones — 116 to 120 


its total reſiſtance, how rendered conſtantly uniform | 


x . ; f | 


any 1 in its denſity has a two-fold effect on 
the time of pendulous vibrations, performed in the _ - 
arch of a circle; and theſe two effects do exactly? 


any alteration in its denſity cannot, of itlelf, alter 


the times of vibrations of a Watch ballance 567 to 569 


— but it may introduce errors, that are miſtaken for 


lits own natural effect | 668 
Angle of ſcapement, i in what caſes it mould! be enlarged: Si. 
the contrary - . — 5 58 
Ballance, its properties compared. with thoſe of the & pendu- TED 
lum — 49 5 to 412 
—— all its vibrations iſochronal i in theory 408 


4 Balance, 


Note 300 h 


ballance each other — 82 
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Ballance, reaſons why it will meaſure time better than any 


—— any change of latitude does not alter its times of vi- 


| —— their defects, how diſcovered and remedied 


JT 00 > 
| os 


pendulum that deſcribes entire revolutions 


411 
— its natural properties ſuperior to thoſe of the pendulum 108, 
e 1 ay 410 
— tee effect, in it, changed into the cauſe, in each 
vibration 11 — — — 411 
—dhke advantages of increaſing its momentum 485 to 495 
——— by lengthening the vibration | 490 
by increaſing the train — 494 
— by enlarging its diameter — 491 
— by augmenting its weight — 492 


all that has been ſaid relative to the length of vibra- 
tion of pendulums, &c. equally applicable to t 413 


bration | Note 410 
the natural tendency of its longer and ſhorter vibra- 


tions. could not hitherto be experimentally known 


49 to 553 
——- how diſcovered experimentally — 5 : + 
and preſerved 985 - — 554 


Ballance-ſpring, — its theory 


415 to 427 


— its action in the ſhorteſt poſſible vibration of Watches 


that begin their own motion, only equal to that of 

the ballance wheel on the pallets le 

—— increaſing its ſtrength, always advantageous ; but not 
equally in all caſes. See Momentum. 3 


—— the means by which they may be rendered ſtronger 
in Pocket-watches — 4569, 477 Note 


554 


its exertion may be conſtantly preſerved, proportional 
to the vis inſita of the ballance. See Inf. of heat. 


Banking, what, and how its effects remedied Note 484 


De Circular 
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No 
Aclion, the effect that any irregularity in it would bas + on 
the times of vibration: how corrected in the con- 


ſtruction of the pallets 542, 547, 553, 560 to 564 

- of a ſpring on the ballance, preferable” to that of 
gravi — 410 

of the ballance ſpring: : — how it may be preſerved 
proportional to the diameter of the ballance. See 


Thermometer. 
Air, its reſiſtance, c. p. as the verſed fines of the angle of 
vibration — 


3 «Tl 7 
—— its reſiſtance contracts the times of aſcent of the pen- 


dulum as much as it prolongs the times of its de- 


its conſtant uniform refiſtance does not affect ” times 
of vibration 29, 28, 115 


but its accidental changes of denfity may introduce 
other errors * "1691.6, 368 


its uniform reſiſtance renders long vibrations preferablo - 


its total reſiſtance, how rendered conſtantly uniform 


- » * 


. I 


any 1 in its ; denſity bas a two- fold effect on 
the time of pendulous vibrations, performed in the 
arch of a circle; and theſe two effects do exactly 
ballance each other 


any alteration in its denſity cannot, of itſelf, alter 


— but it may introduce errors, that are miſtaken for 
its own natural effect 


Angle i of ſeapement, in what caſes it ſhould be x enlarged: and. 


the contrary- . — 558 
12 
Ballance, its properties compared wich thoſe of the e pendu- hon 
lum — — 405 to 412 
— all its vibrations iſochronal in theory 408 


* Ballance, 


to ſhort ones | — an B$6- to 120 


Note goo | 


382 
the times of vibrations of a Watch ballance 567 to 569 


668 


——— 2 
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— any change of latitude does not alter its times of vi- 


Note 410 


—— their defects, how diſcovered and remedied 
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Balkans; reaſons why it will meaſure time better than * 
pendulum that deſcribes entire revolutions 471 


— its natural e ſuperior to thoſe of the pendulum 108, 


6 410 
3 effect, in it, changed into the cauſe, in each 

5 vibration e 
—— the advantages of increaſing its momentum 485 to 495 
——— by lengthening the vibration 490 

by increaſing the train — 494 

— by enlarging its diameter — 491 
— by augmenting its weight — 492 


all that has been ſaid relative to the length of vibra- 
tion of pendulums, &c. equally applicable to it 413 


bration 


the natural tendency of its longer and ſhorter vibra- 
tions could not hitherto be experimentally known 


1 85 549 to 55 
— he diſcovered experimentally — : 
and preſerved — 554 
Ballance-ſpring, — its theory 415 to 427 


— its action in the ſhorteſt poſſible vibration of Watches 


that begin their own motion, only equal to that of 
the ballance wheel on the pallets 


———- increaſing its ſtrength, always advantageous ; but not 
_ _ equally in all caſes. See Momentum. 


——— the means by which they may be rendered ſtronger 
in Pocket-watches — 469, 477 Note 


554 


—— its exertion may be conſtantly preſerved, proportional 
to the vis inſita of the ballance. See IH. of heat. 


Banking, what, and how its effects remedied | Note 484 


e NTT Circular 


431 


— . — 


15 
Circular Sik of De. Hook and Mr. Hugens, can never 
meaſure time equal to the vibrating pendulum, « or 
the ballance and fpring '=— — 411 
Circular vibrations, (i. e. vibrations performed in circular 
arcs) eorrect thoſe variations which any alterations 
of denſity in the air would Arberg in the wir 


| curve — — 382 
Clocks, compared to Watches — — 9 
Wee relative to the length of vibration in Clock - pen- 

dulume — — 152 
—— relative to the method of winding every half minute in 

fixed ſpring Clocks — — 1 

—— in portable machines — — 402 


— relative to the irregularities of the maintaining power 300 
— relative to every imperfection of Clock movements 306 
——— relative to the influences of the air, on the times of 


vibration of Clock: eee deſeribing circular 


ares 382 
relative to the application of cydloidal checks 383 
relative to the comparative properties of the ebe m 
and ballance — 429 
relative to Watches beginning their own vibrations 432 
relative to the fize of Watches — 441 
relative to the length of vibration in Watches 490, 413 
retative to the influence of external motion 4383 


relative to increaſing the momentum of the ballance 495 
relative to the influences of heat and cold on Watches 511 
relative to the number of teeth in horizontal wheels 533 
relative to the horizontal principle 


ee 


relative to the conſtruction of Watch pallets 574 
—— relative to the action of the wheels on the pallets 564. 


— xelative to the influences of the air on the times of vi- 
bration of Watch ballances 569 
— relative to the uſe of ſprings in pallees — 252, 253 
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No 
Cychidel vibrations 1n Clock-pendul urns, are hurtful even in 
Nag — — 383 
D. 
Dead. beat, its natural effects 2 5 5 to 273 


— diminiſhes the natural error of circular vibrations 263 
— errors ariſing from other cauſes imputed to it 

12 269, 270, 271 
—— hitherto loaded wich diſadvantages - 269 to 273, 524 
— no fair comparative tryal yet made of the effects of 1T 


and the recoil — 268 to 273 
abſolutely neceſſary for preſervin g the natural pro- 
perties of the vibrations of the ballance 571 


Denſity of the air: — the alterations that happen in it, do in the 
circular vibrations of Clock-pendulums correct 
themſelves — — 380 to 383 


— Cannot alter the times of ſuch vibration of a e 


a as are naturally iſochronal, with pallets of a proper 
conſtruction — . 


Diſengaging all the wheels but one 216 to 223, 394 to 402 


— not advantageous 1 in portable machines 401 


. 5 


External motion, its theory —— — 442 to 484 


Experiments, relative to its effect on Watches, &. 445 
to 457 


in what caſes ne proportion it affects 451, 453, 454 
much greater in Pocket-watches, than in thoſe that 

are carried on fhip- board 5 3 
its effects, how diminiſhed gd — 455, to 458 
equal in all Watches having equal trains 5 CV 
Dr. Hook's method of diminiſhing its influence 474 to 478 


1 


curvilineal.— only affects | 3 — 449 


External 


* NM; WM 4 


External mation, Mr. Hugens' s method of diddinidengi its FEOF 
fluence - — — m 8 
All the methods compared — 481 to 47 


&S + 


Prition on bite pallets, how diminiſhed - 1594 184 165, 295 
| can never ballance the influences of the oil thereon 194 
— the horizontal Wheel and nal aſs: to 540 


Gravity, its action on | the pendulum, only ain by ESD 

change of latitude ——— v— _ 372 
Gridiron pendulum, deicribed — 3 32 to 346 
how adjuſ tl — 7 343 


een with. Mr. Ellicott 's (improved) | 363 3 to ? 309 | 


2 * 


Ho fetiming.— what — 470 
Harriſon, Mr. John, ingenious pallets invented by Un 22 5 to 
232, and from 245 to 253 

Heat and cold—the effect of cheir influence on Watch main 

ſprings, chains, fuſees, and the oil applied to the 

main ſpring, and all the pivots of the wheels, is 


corrected by a proper conſtruction of pallets -. 564 

—— their influence on the pendulum © 316 to 372 
—— on the ballance and its ſpring — 500 

on the main ſpring — Note 404 
— the fuſee, c. — e Note 404 
98 on the oil —— — m . 498 
on the aii: — — 510 
Hindley, Mr. of York, ditto by him 22 5 to 2 3 2, and . 245 

60.463 

Horiz k, 3 nature explained, Kc. 55 52 5 to 548 


Hugens, Mr. his method of winding up every half minute 216 to 


223, 394 to 403 
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Influence—of heat and cold. See Heat. 

of the oil. See Oz. _ Fog ag 02.55 
of the maintaining power. See Maintaining power. 
— of external motion. See External motion. 
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Long vibrations have a duplicate advantage in correcting the 
_ irregularities of the maintaining power 41, 47 


| Long pallets— hurtful where friction takes place and oil is 


| applied Ne 189, 190, 206, 207 
——. but are advantageous where no friction takes place 
1 e Note 265, 266, 546 
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' 


Magnetic attraction, its effect hurtful in pallets — 285 
Maintaining power, — what — — 2 
— conſiderations relative to it in Clocks 163 to 166 


- in what caſe it ſhould be applied gradually in Clocks 265 
in Watches — 539 
in what caſes it ſhould be applied all at once in Clocks 266 
— in Watches — _ —— A BEG" 
—— in what caſe it may applied in Clocks in either way 267 
its effects on the times of vibration of a ballance, miſ- 
taken for the natural tendency of ſuch vibrations 
„5 e | 5 5 50 to 552 
— its effect on the time, c. p. as the diſtance at which it 
is applied from the loweſt point of vibration Note 546 
— why it ſhould be applied in time of aſcent of the pen- 
= 01. mm -- — — Note 540 
on the length of vibration: as its quantity, independent 
pk its time or place of action — 545 
how rendered perfectly uniform in Clocks 300 
how it affects the natural times of vibration 540 to 545 
1 | Maintaining 


* . 


z 


eo RE rr un nur CCC ——̃ 
F * , * | — . . — —_ . . 3 F 


'$.4, 
C 3 4 
* * ” % : 


Momentum of the ballance See Ballance. 
Motion, external, its influences on the times of vibration. See 


1. NI DG EK XAT 


| Nt. 
Maintaining power, its effect on the times of vibration c. p. as 


its time of action 546 


how it may be applied in Watclies, or other p portable Vt 
machines, ſo as not to alter the. natural 50 ae Vi= 


bration — 543 to. 56 
inereafng it vory: advantageous: in Clocks. ; -/ 1 58 to-164- 
- in Watches — — 41 3. 464, 490 


—dthke moſt perfect rendered irregular by uſing ſprings in 


the pallets 246, 247 
—— rendered more uniform in Watches, by the influence 


©... of heat and cold on the main ſpring ' i: Note 404 


— — increaſing its action towards the extremity -of the 


vibration hurtful e —_ Wote 54 5 

Main ſpring, conclufion relative to the effects of i its imperfec- — 
tions in Watches, &c. — — 404 
Mercurial pendulum, its diſadvantages —— 326 
Momentum of 5 w increaſed 84 to 89 
table of it 9 


External notion. . OP... W ec F000 
n e . 1 . 4 1 
Oil,. — its influences—of a very hurtful nature — I 
—— the foundation of its theory —— 158, 159 
— its effects on the meaſure of time, nearly in the inverſe 
duplicate ratio of the maintaining power — 162 
on the pallets, c. p. as their length — 189 
—— how rendered unneceſſary on main ſprings 392 
— its influence, how eſtimatd — 45 to 182 
— table of it, on each pivot in a Clock n 
— its influence on the pallets, eſtimated 12 to 176 
— comparative with the dead- beat and recoil 176 to 182 
— its influence, — how diminiſhed in common pallets 


Ou, 


„ * a. A * 


my 182 to 193 
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. 


NY. 
Oil, why its effect is not more ſenſible 193 to 197 
1 recapitulation of what has been ſaid relative to it 
197 to 210 
— of the methods that have been hitherto uſed for the 
diminiſhing 1t 212 to 232, and from 245 to 254. 
' 394 to 403 
—— diminiſhed on Watches 513 to 540 
— table of its influence on all the pivots of the wheels 515 
— increaſed by a recoil — — 520 
— its comparative influence on the ballance pivots 519 
— total influence on horizontal and contrate wheel 
Watches compared — 524 
— how diminiſhed on the former 52 5 to 540 
- Þ 
Pallets, — long ones, no advantage in maintaining the vi- 
bration 191, 192 
— in what caſes they are hurtful — 189 
and in which advantageous 205, 266 
— all reducible to two claſſes — 234 
— that have no friction during the time of reſt 275 to 288 
—— that in Clocks remove every imperfection in the 
movement, of whatever kind 288 to 306 
further conſiderations relative to them 534 to 568 
—— that correct the effect of any irregularities of the 
maintaining power in Watches „„ 504 | 
—— tumbling, ſome remarks on them — 
—— ingenious ones ſeen with Meſſrs. Harriſon and 
3 15 225 to 232, and from 245 to 253 
no ſprings to be admitted in them | 240, 247 
Pendulum, — its properties in a detached ſtate 12 to 20 
— its motion and iſochroniſm deſtroyed by the reſiſtance 
of the air, &c. — — 21 


D 42: Pendulum, 


. 


NO 

Pendulum, detached gravity, its ſole motive force 68 
in thoſe applied to Clocks, the e power 

muſt be added thereto | 70 


Hy 1 | [| l 


in what proportion # alters the natural times of 
vibration —— —— 72 


its total motive force, of what compounded in Clocks 1 35 
its vibration moſt iſochronal, when their length in- 


_ creaſes as the motive force — 241 
reaſon why thoſe that deſcribe entire revolutions can 
never meaſure time equal to thoſe that vibrate - 411 
its long and ſhort vibrations (when applied to a Clock) 
compared — — 24 to 48 
its weight conſidered — 60 to 84 
table of its momentum (by weight, and length of 
vibration) — 8 - 
the influence of heat and cold on it. See Haar. 
gridiron, its nature and — 2H 332 to 346 
mercurial — 32 
Mr. Ellicott's, his own deſeription of M 3246 
improved 347 to 364 
rods of wood, in what caſes tos may be uſed 18 


all that has been ſaid of it equally W e to the 
ballance and ſpring. — — 733 


Plan of the eſſays 1 to 12, and 1364 to 30 
Plates, where deſcribed, 


Plate 1. Numb. 29. 


un, 
[| mn 


EC Plate 


ff.. Hop © 
11. Numb. 361. 


12. 443+ 
"Jv; + | 475. 
14. — 50g. 
ol ITAL. 
16.— 549. 


Pocket-watches, in their preſent ſtate, are only on a par 
with Clocks that are capable of . e their 
own vibrations — =: hl 
the influence of external motion on them much 
| greater than on ſuch as are carried on ory rpg 453 
Power, maintaining. See Maintaining power. 

Properties, natural, of the ballance and ſpring, can not be 


preſerved, without the dead-beat — 571 
K 
Recapitulation—relative to the length of vibration in Clock 
pendulums _ — — 142 to 152 
— relative to the influence of the oil 197 to 212 
— relative to the method of frequent winding up 401 
— relative to pallets 274 
— relative to the influence of heat and cold on the pen- 
dulum — =—_ 369 
— relative to the influence of external motion 483 
Recoil, in general — 233 to 245 
—— increaſes, the friction — — 178 
— the influences of the oil — 178 
—— accelerating effects of it, twofold — 238, 239 
none to be admitted with an uniform maintaining 
power | Note 383 
advantages—erroneouſly attributed to it 269 to 272 
R/, os of the air. See Air. Hs 
D d 2 Scapement, 
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=_— Scapement, is the means by which the aQion-o of the wheels 
is applied to maintain the vibration, and generall 
conſiſts only of a wheel and pallets. - See Pallets. 
— wherewith the theory : and practice of the dead- beat 
1 | agree 275 to 288 
2 Saul for finding the length of pallets, &c. the any W of 
= teeth of the wheel, from 2 to 12 Note 2, 176 
of Springs,—never to be uſed in pallets — 246, 247 
Suſpenſion, —remarks, &c. relative to it——— 309 to 316 


Swing-1heel,—the influences of the oil on the pallets e 
as its diameter — 172 


N 


Jables, of the influences of the oil — %%% £1 55 
of the momentum of pendulums — 87 
Thermometers, —all reduceable to two claſſes 31 9, 320 
—— immoveable ones—can never have a perfect effect _ = 
Clocks | 321 to 326 1 
— - remarks relative to their conſtruction 329. 330 *] 
: one for a Watch deſeribeld — Me to 5: 12 3 


! 


1 - "= F , : i 
« $ 4 0 | „6 wean WP 
> & 0 , . 5 ww - 4 . < + * 
V. p - 
: „ * * 


8 65 > RR WH" 
SCENE VET ͤ Ry 
r 2 8 
ay” — * 2 

9 , 


Pitrations,—long and ſhort compared 42 | 

ſhort ones—arguments commonly uſed in their favour ' 

85 5 93 to 96 [ 

— no where recommended by Sir IfacNewton for Clocks By { 

| 121 t0133 i 

— arguments in their favour examined 95 to 114 0 

cycloida!l „ 96 to 113 and 383 þ 

—— concluſions relative to them — 111 to 1 14—152 | 

| —— recapitulation relative to them in Clock-pendulums 

| 142 to 152 
Y Fibrations, 


PE b 


1 1 X 
on Vibrations, all that has been faid in favour of long pendu- 


lous ones, is equally true of thoſe of the ballance 413 
the longer ones of the ballance do beſt correct the in- 


1 fluence of the oil, or any other irregularities of the 


| 


4 maintaining power 487 
2] do moſt correct the influences of external motion 489 
M7 ho the longer ones of the ballance may be rendered 
quicker than the ſhorter $51 
1 — how the ſhorter ones may be rendered quicker than . 
. | the longer _ 552 | 
40 —— how their natural properties may be preſerved 553, 564. 
TI. —— could not heretofore be known experimentally 550, 552 
14 — have not their times altered by a change of latitude 410 . 
11 — nor by any change of denſity in the air (conſidered as a 
5 non- reſiſting medium) 568 
7 — are all naturally iſochronous in theory —— — 408 
1 — the effect of the maintaining power on their times 
I (c. p.) as its times of action — 546 
1 — as twice the recoil VVV 
al —— may vary their length, without altering their times 5 54, 564 
1 —— thoſe of the pendulum rendered more iſochronal by 
5 s having their length increaſed as their motive force 241 | 
+ Vibrating-pendulum,— reaſon why it will always meaſure | | 
5 time better than any that perform entire revolu- 
I tions — 411 
3 W. 
Watches, the larger ones do moſt approximate the nature 
| and perfection of Clocks 436 to 442 
Wheels, the periodical fluctuations in their action, not ſo 
J Fr hurtful to the performance of Clocks and Watches 
as generally imagined — — 54 
— the diſadvantages of heavy ones —— — 440 
Winding-up, every half minute—its effects 216 to 223, 394 to 403 
Mooden pendulum rods, in 20 caſes to be uſed 318 
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